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meeting, due notice having been mailed in writing by the Secretary
to him.

V.
DUES.

The membership fee shall be five dollars and the annual dues
five dollars, and applications for membership must be accompanied
by a remittance of ten dollars; five dollars for such membership fee
and flve dollars for dues for the first year. Honorary members shall
mot be liable to dues. Any member not in arrears may become a
life member by the payment of fifty dollars at one time, and shall
not be liable thereafter to annual dues. Any member in arrears may,
at the discretion of the Council, be deprived of the receipt of pub-
lications or be stricken from the list of members when in arrears
six months; Provided, That he may be restored to membership by
the Council on the payment of all arrears, or by re-election after an
interval of three years.

VL
OFFICERS.

There shall be a President, five Vice Presidents, five Managers,
a Secretary and a Treasurer, and these Officers shall constitute the
Council,

VIL
TERM OF OFFICE,

The President, Secretary and Treasurer shall be elected for one
year, and the Vice Presidents and Managers for. two years, except
that at the first election two Vice Presidents and three Managers shall
be elected for only one year. No President, Vice President, or Manager
shall be eligible for immediate re-election to the same office at the ex-
piration of the ter for which he was elected. The term of office
shall continue until the adjournment of the meeting at which their
successors are elected.

Vacancies in the Council, whether by death, resignation, -or the
failure for one year to attend the Council meetings, or to perform
the duties of the office, shall be filled by the appointment of the
Council, and any person so appointed shall hold office for the re.
mainder of the term for which his predecessor was elected or ap-
pointed; Provided, That such appointment shall not render him in.
eligible at the next election.

VIIL
DUTIES OF OFFICERS.

~ All the affairs of the Institute shall be managed by the Coun.
cil except the selection of the place of holding regular meetings.




RULES ’ ' 3

The duties of all Officers shall be such as usually pertain to their
offices, or may be delegated to them by the Council.

The Council may, in its discretion, require bonds to be given by
the Treasurer, and may allow the Secretary such compensation for
his services as they deem proper.

At each annual meeting the Council shall make a report of pro-
ceedings to the Institute, together with a financial statement.

Five members of the Council shall constitute a quorum; but the
Council may appoint an executive committee, business may be trans-
acted at a regularly called meeting of the Council, at which less than
a quorum is present, subject to the approval of a majority of the
Council, subsequently given in writing to the Secretary and recorded
by him with the minutes.

There shall be a meeting of the Council at every regular meeting
of the Institute and at such other times as they determine.

IX.

ELECTION OF OFFICERS.

Any five members not in arrears, may nominate and present to
the Secretary over their signatures, at least thirty days before the
annual meeting, the names of such candidates as they may select
for offices falling under the rules. The Council, or a committee there-
of duly authorized for the purpose, may also make similar nomina-
tions. The assent of the nominees shall have been secured in all cases.

No less than two weeks prior to the annual meeting, the Secre-
tary shall mail to all members not in arrears a list of all nomina-
tions made and the number of officers to be voted for in the form
of a letter ballot. Each member may vote either by striking from
or adding to the names upon the list, leaving names not exceeding
in number the officers to be elected, or by preparing a new list, sign-
ing the ballot with his name, and either mailing it to the Secretary,
or presenting it in person at the annual meeting.

In case nominations are not made thirty days prior to the date
of the annual meeting for all the offices becoming vacant under the
rules, nominations for such offices may be made at the said meeting
by five members not in arrears, and an election held by a written ar
printed ballot.

The ballots in either case shall be received and examined by three
tellers appointed at the annual meeting by the presiding officer; and
the persons who shall have received the greatest number of votes for
the several offices shall be declared elected. The ballot shall be
destroyed, and a list of the elected officers, certified by the tellers,
shall be preserved by the Secretary.

X.
MEETINGS.

The annual meeting of the Institute shall be held at such time as -
may be designated by the Council, The Ipstitute may at a regular
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meeting select the place for holding the next regular meeting. If no
place is selected by the Institute it shall be done by the Council..

Special meetings may be called whenever the Council may see fit;
and the Secretary shall call a special meeting at the written re-
quest of twenty or more members. No other business shall be trans-
acted at a special meeting than that for which it was called.

Notices of all meetings shall be mailed to all members at least
thirty days in advance, with a statement of the business to be trans-
acted, papers to be read, topics for discussion and excursions pro-
posed.

No vote shall be taken at any meeting on any question not per-
taining to the business of conducting the Institute.

Every question that shall properly come before any meeting of
the Institute, shall be decided, unless otherwise provided for in these
rules, by the votes of a majority of the members then present.

Any member may introduce a stranger to any regular meeting;
but the latter shall not take part in the proceedings without the
consent of the meeting.

XI.
PAPERS AND PUBLICATIONS.

Any member may read a paper at any regular meeting of the
Institute, provided the same shall have been submitted to and ap-
proved by the Council, or a committee duly authorized by it for that’
purpose prior to such meeting. All papers shall become the proper-
ty of the Institute on their acceptance, and with the discussion
thereon, shall subsequently be published for distribution. The num-
ber, form and distribution of all publications shall be under the con-
trol of the Council.

The Institute is not, as a body, responsible for the statements
of facts or opinion advanced in papers or discussions at its meet-
ings, and it is understood, that papers and discussions should not
include personalities, or matters relating to politics, or purely to
trade.

XIL
SPECIAL COMMITTEES.

The Council is authorized to appoint from time to time special
committees to consider and report upon, to the Institute through the
Council, such subjects as changes in mining laws, safety devices,
.the securing and editing of papers on mining methods, definition of
mining terms, affiliations with other societies, and such other sub-
jects as the Council shall deem it desirable to inquire into, such re-
ports not to be binding on the Institute except action is taken by
the Institute in accordance with the rules, and the Council is au
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thorized to expend not exceeding six hundred dollars in any one
year to carry out the purpose of this section.
XII1.
AMENDMENTS.
These rules may be amended by a two-thirds vote taken by let-
ter ballot in the same manner as is provided for the election of

officers by letter ballot; Provided, That written notice of the pro-
posed amendment shall have been given at a previous meeting.
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not only the methods of attacking the orebody, but also the
locating and sinking of shafts.

At some period, far back in geological time, it is apparent
that the Menominee area was a great granite area; deposited
upon the granite was a quartzite, and upon the quartzite was
a dolomite, and upon the dolomite a slate. At, or near, the
base of the slate was an iron-bearing formation, quite lean, of
course, since it was unconcentrated. After these rocks were
deposited the earth’s crust in the whole Lake Superior district
was subjected to enormous pressure which produced intense
folding. In the Menominee area the rock formations were
thrown up into ridges whose axes extended nearly east and
west. Superimposed upon these ridges, or folds, were smaller
ones which had others, still smaller, superimposed upon them,
and so on, down to the smallest folds. After the folding there
was a period of erosion during which some of the ridges were
cut to the dolomite, while others were not cut so deeply. This
folding and erosion resulted in the exposure of the truncated
edges of the inclined formations, the number of formations
exposed depending on the depth of erosion. It will not be
necessary for the present purpose to follow this geological
action further except in so far as it relates to the Chapin mine.

Geological study has shown that the Chapin mine lies on
the south side of the most southerly ridge that has been eroded
to the dolomite. South of the mine there are no surface ex-
posures other than slate until the greenstones are reached.
It has been learned ihat the Chapin mine lies in one of the
smaller westward pitching folds that have been superimposed
upon the larger ones. It has been further learned that the
folding in the immediate area has been sufficient to push the
strata from a horizontal position to a vertical one, and even
beyond, so that the dolomite now lies in an inclined position
upon, instead of beneath, the slate near whose base is the iron
bearing member; that is the geologically older dolomite is on
the hanging wall side of the formation, and the dip of the
formation is north, despite the fact that it is on the south side
of the fold. After being tilted this lean iron-bearing forma-
tion was concentrated by underground waters. In some
places concentration has been completed but in others it is
far from complete even at the present time. Where it is
incomplete conditions vary, depending upon the course taken
by the concentrating waters, and the degree to which they
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have completed their work. = Where the water has circulat-
ed along the footwall there is a layer of ore with a slate
foot and a jasper hanging. Where the circulation has been
higher up in the lens there is a seam of ore with both foot
and hanging of jasper. In other places there are alternating
seams of ore and jasper. In still other places are found seams
of ore with slate hanging and jasper foot. Occasionally there
is a horse of jasper surrounded by ore. Where concentration
is complete, or nearly complete, a soft ore which caves read-
ily has been developed. Where concentration is not so nearly
complete the ore is leaner and harder, and the particles are
bound together more firmly. In the jasper areas, where there
has been still less concentration, the material is quite hard
and stands quite well.

The members of the formation other than the iron-bearing
member have also been acted upon and altered by the folding
and the underground waters. While the slate is in places quite
firm and unaltered it has in others become quite soft and
friable. Where these altered slates form the foot or hanging
of the ore body they cause trouble in mining. The dolomite
has also been altered. In it are many zones of shearing along
which talc has been developed. This is especially so along
the contact between the dolomite and the slate which is na-
turally a line of weakness and, therefore, a plane of shearing.
Furthermore, the dolomite has supplied the necessary mag-
nesium to cause the development of a very considerable amount
of talc throughout the whole layer of slate between the dolo-
mite and the iron-bearing formation. In view of the fact
that talc is prone to swell when exposed to the air and water
it is a source of great difficulty where encountered by cross-
cuts and shafts. The dolomite contains numerous water
courses, especially near its contact with the slate. Encounter-
ing one of these water courses is a source of very great diffi-
culty, and one that must be kept constantly in mind. Prac-
tically all of the water that is pumped from the Chapin mine
comes from the dolomite. Any belief that the orebody is wet
is incorrect. There is a rather large volume of water to be
handled but it is derived largely from the dolomite, and the
orebody is, in the main, quite dry. It should be added that
the ground above the orebody was originally swamp land in

which was considerable water, some of which seeped through
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be encountered at any time. However, knowledge of the
ground, gained from underground operations and from dia-
mond drilling makes it quite possible for the present day op-
erators to choose the best sites for shaft locations.

Shaft sinking has not, on the whole, been a seri-
ous problem, the surface being, for the most part, shal-
low and easily penetrated. = However, there was some dif-
ficulty in getting “D” Chapin through the surface, which
difficulties were overcome by using a freezing process. At
the point selected the surface was known to be nearly a hun-
dred feet and was known to be largely quicksand. The meth-
od employed was to freeze a wall about the ground through
which the shaft was to be sunk and to work under the pro-
tection of the frozen wall. Twenty-six 10-in. pipes, located
on a circle 29 ft. in diameter were driven to ledge. In each of
these pipes was placed a water-tight 8-in. pipe closed at the
lower end. The larger pipes were then drawn and the ground
allowed to close about the smaller pipes whose distances apart
were 35 ft. from center to center. A freezing mixture was
circulated through the pipes causing the ground to freeze. Two
qualities were necessary in the mixture used; it had to be a
medium that could be made to circulate through the pipes, and
it had to have a very low freezing point. The mixture used
was a saturated solution of CaCl, which has a freezing point
of -40°.  The solution was conducted to the bottom of the
8-in. pipe through a 14-in. pipe, where it left the smaller
pipe and returned to the surface through the larger. This
cold solution in the larger pipe abstracted the heat from the
adjacent ground and froze it. The solution was cooled at the
surface, its heat being absorbed by evaporating ammonia which
had been previously compressed to liquid form. After fifteen
days of freezing, excavation was begun, and, in 135 days, the
shaft had reached ledge, though it was necessary to do some
further work under the protection of the frozen wall. The
cylinder of frozen ground, in the center of which was the
shaft, was found to be more than fifty feet in diameter.

Troubles have at times been encountered in shaft sinking
below the surface covering. Talc seams have caused trouble
by swelling and crushing the timbers. The story of the sink-
ing of No. 2 Hamilton shaft by Mr. J. T. Jones, and of how
it encountered water and filled quickly is now almost ancient
history. For a time the shaft remained filled with water, but
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later it was unwatered and used for part of its depth. More
recently it has been wholly unwatered and lined with concrete
thus making it practically water-tight. It is safe to say that
this concrete shaft with its electric pumps is almost a model .
among present day shafts.

In the first attempts at mining at the Chapin mine the ore
was removed from foot to hanging by back-stoping, the hang-
ing being supported by stull timbers. It was soon learned that
conditions were such as to require some changes because the
hanging slate, being soft and friable, crumbled away from
around the stull timbers and allowed them to loosen. To cor-
rect this head-boards were placed on the end of the stull tim-
bers against the hanging so as to cover as much of the wall
as possible. Even this did not overcome the difficulty. More-
over the vein was becoming so wide that timbers long enough
to reach across the excavation could not be obtained. To over-
come this new difficulty a layer of ore was left along the
hanging and the excavation was made only as wide as timber
could be procured to reach across. It was soon evident that
the layer of ore left could not be supported, and alse that
too much ore was being lost by this method of mining. A
wholly new method was necessary.

At this stage the “room and pillar” method was intro-
duced. A drift was driven the length of the orebody, along
" the middle where the ore was wide and near the foot where
it was narrower. The ore was then laid out into rooms and
pillars, the standard pillar being eighteen feet and room twenty
feet, though there were many variations from this standard.
In opening a room a drift was driven from foot to hanging
the full width of the room. The ground about this excavation
was supported by sets made of large square timbers placed
eight feet apart from center to center. Each set rested upon
a sill which extended two feet into niches cut into the pillar
on either side of the room. Both the back and the sides were
lagged. A raise connected the back of the room with the
level above. After the first cut was taken from the room a
second cut was taken from immediately above, and sets of
timber placed in a similar manner. In this way cut after cut
was taken from the back of the room until the room of the
level above was reached, at which point the timbers of the two
rooms were connected and the weight taken off the sill of the
room above, While a room was being opened the broken ore
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fell upon the lagging on the lower set of timbers from where
it fell to the floor through openings along the side of the room
and was shoveled up by the trammers. At a later date chutes
were put in and the ore was drawn directly from above the
lagging into the tram cars. By this method room below room
were joined together with the result that rooms and pillars
were constantly growing higher.

It can be readily seen that two serious difficulties were
soon to be encountered in this method of mining. In the first
place a vast amount of ore was being left in pillars which
-must be recovered. In the next place it was evident that the
pillars would soon crush under their own weight; in fact,
crushing had already begun. Still ignoring the first diffi-

Fig. 3. Horizontal Section Through the Orebody at the Base of a Slice
of Ore to be Removed—Showing how the ore is to be mined. When
the ore about drift (a) is mined drift (b) will be driven and the
ore about it mined, and the process repeated until all the ore back
to the raise is removed, after which the whole operation is repeated
about sixteen feet below.

culty an attempt was made to correct the second by using
square sets, the timbers of which were cut in lengths of six
feet and framed together. But even these were not sufficient
to hold the ground. There was soon such an increased amount
of crushing that the surface began to give way. It became
imperative that some method be introduced that would support
the pillars until such time as the ore could be recovered from
them. Furthermore, it was not advisable to open more rooms.
It had come to a time when new methods were an absolute
necessity.

The “room and pillar” method was abandoned and new
methods introduced which, it was hoped, would make it pos-
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sible to recover the ore left in the pillars, and also to mine
the other ore without encountering the difficulties that had
heretofore been encountered. Accordingly, filling of the old
rooms was begun. The first filling material was the surface
covering of the ore body which was stripped off and dumped
into the rooms through a small shaft in the back of each.
Sandstone was used to complete the filling. In this manner
each room was filled, and a room thus filled became in itself
a pillar which, it was hoped, would support the ground while
the original pillar of ore was being removed.

The pillar was approached by a crosscut driven from a
drift in the footwall slate parallel to the ore body. The
drift was continued through the pillar close to the lagging
of the sandstone-filled room. A cut about as wide as
a drift and running with the formation was then taken
from the base of the pillar along the hanging side. The open-
ing from which the ore was thus removed was filled to the
back with sandstone which was brought down from the sur-
face and shoveled into it. Another cut was then taken from
alongside of, and on the same level with the first cut, and the
opening similarly filled with sandstone. When a cut had in
this manner been made across the base of the pillar of ore,
a second slice was taken in a similar manner, the broken ore
falling upon planking which was laid upon the sandstone
filling, and from which it was shoveled. In this manner it
was hoped to remove the pillar. The timber and sandstone
required in the work were received through a raise in the
pillar. Only a small amount of ore was removed in this man-
ner because the ground was heavy, and the amount of filling
required was great.

To recover the ore from the parts of the orebody that
had not been attacked by the “room and pillar” method a drift
was driven in the footwall slate parallel to, and only a few
feet distant from the orebody. At the same time a similar
drift was driven in the orebody. The two drifts were con-
nected from time to time by crosscuts. The drift in the slate
was the main haulage way, while the other was used as an
opening from which the ore was attacked. The ore was, in
all cases, removed by back-stoping, and the stopes were filled
with sandstone quarried at the surface and sent underground.
Such rock as was taken from the drifts and other dead work-
ings was also used for filling. It can be readily seen that it
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took a very considerable force of men to quarry the sand-
stone, load it into cars, send it underground and distribute
it in the stopes. Where the orebody was not wide and was
firm it was attacked by longitudinal stoping, but elsewhere
it was attacked by transverse stoping, that is the cuts were
made across the strike of the formation. In each case the
broken ore fell upon planking laid upon the sandstone filling
which was always kept near the back. In the transverse stop-
ing gangs of men were started at work fifty feet apart in the
ore drift, and each gang drove a crosscut from foot to hang-
ing, eight feet high and nine feet wide. The opening made
was filled wtih sandstone, and a similar cut taken from along-
side of it, and that opening was also filled. In this manner
the work on the level was continued until completed. As the
sandstone filling was put in planking was laid upon it for
the broken ore to fall upon. A second slice was taken from the
back of the stope in the same manner as the first was taken, and
the opening filled with sandstone. This work of slicing and
filling was continued until the level above was reached. If, at
any time, a part of the back appeared weak it was supported
by a prop. The sandstone used for filling was sent from the
level above through a winze. The ore reached the main haul-
age way through a raise put up from the side of the slate drift
and connected with the stope at the working elevation by a
crosscut. The ore was trammed from the stope through the
crosscut and dumped into the raise, the enlarged bottom of
which served as a pocket from which it was drawn into cars.
These stopes were large openings reaching from foot to hang-
ing and for some distance along the strike. Beneath this im-
mense back the miners were at work breaking ore and the
fillers were tramming sandstone from the chutes.

It can be readily seen that this “filling”’ method had a great
advantage over the “room and pillar” method in that there
was a much smaller timber cost, and, what was more import-
ant, no ore was left behind as pillars. On the other hand it
necessitated an enormous amount of dead work because of the
drifting and crosscutting in the slate and the still greater
amount of work necessary to furnish the sandstone filling.
Moreover, the ground not only in the old pillars but also in
the main stopes was very heavy. It was evident that a better
and less expensive method of mining was needed.

By this time the nature of the Chapin orebodies had been
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pretty well learned, and some facts had been pretty well estab-
lished. It was very evident that the ore was soft and prone to
cave. It was also thoroughly evident that it was beyond the
power of man to support it. It was further evident that
" not only would the under-cut ore cave, but also the adjacent
slate would cave, and ultimately all the surface underlain by
the caving ore and slate would cave. Any shaft in, or surface
structure upon, this caving ground would, sooner or later, be-
come valueless. Any method of mining that did not take all
these facts into account could not be cheap and efficient. If
a part of the surface was to cave it was advisable to remove
all surface structures from that part and abandon it. Like-
wise, if the ore could not be supported when under-cut it was
advisable not to under-cut it and thus make it necessary to
attempt to support it. Indeed, it would be desirable, if pos-
sible, to adopt a method in which the caving tendency of the
ore would assist rather than retard the work. The present
methods were adopted in the hope that they would answer
all these requirements, and they have served the purpose well.

The working shafts are located in either the hanging or
the footwall, and the orebody is approached from these shafts
by drift or crosscut as the case may be. The orebody is
opened by a drift in the ore running throughout its whole
length. This drift is the working level to which all the ore
between it and the next level above is sent, and along which
it is trammed to the shaft and hoisted to the surface. Experi-
ence has taught that it is not advisable to make the level open-
ings more numerous or more elaborate than actually required
because the constant crushing of the timbers makes a large
amount of repair work necessary. Levels are laid out a hun-
dred feet apart. The work of developing each succeeding
lower level is planned, in so far-as possible, so that the new
level will be ready for mining work when the ore is exhausted
from the higher level. After the level is laid out raises are
put up from the side of the drift to within about eight feet of
the level above, but such of them as are required are holed
through to aid ventilation or acquire traveling ways. The
raises are generally in ore throughout their whole length, but
there are cases where it is necessary, or expedient, to have
a part of a raise in slate. At the time the raises are being put
up a sub-level is driven midway between the two levels, and

connected with the raises by crosscuts, This sub-level affords
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easier communication between the stopes, and facilitates the
work of getting timber and supplies to where they are used.
Near the tops of the raises is where the openings are made
for the actual mining of ore. The number of men that can
be put at work depends upon the number of raises in which
work is being done. Every additional raise entails an addi-
tional expense for opening and maintaining. Evidently then
it is desirable to have only as many raises as are necessary to
work the number of men desired. The best practice seems to
be to place the raises from thirty-five to fifty feet apart. At
a point about fifteen feet below the floor of the level above a
crosscut is driven from each raise to both the foot and the
hanging of the ore. At each end of each crosscut a drift is
" driven in each direction in the ore. The drift along the foot
is so located that the bottoms of the outside legs of the sets rest
upon or close to the slate, while the hanging drifts are so lo-
cated that the outside ends of the caps touch, or nearly touch,
the hanging-wall. If we assume that the raises, arnid therefore
the crosscuts, are fifty feet apart, then the drifts along either
the foot or the hanging will meet when they have been driven
twenty-five feet from the crosscut. However they are not driv-
en to meet, a thin wall of ore being left. It is at the end of
this short drift that the actual stoping of ore begins. As the
miner stands at the end of the drift there is a thickness of
eight or ten feet or ore in the back above him. He begins work
by attacking the ore at the end of the drift. HHe fills his car
as often as possible, and takes the ore back and dumps it into
the raise. \When he can get no more ore he shoots out the
last set that he put up in the drift, which allows the ground
about it to fall from the sides and back, generally of its own
weight, but, if necessary it is shaken loose with dynamite. It
is then shoveled up and trammed to the raise. Set after set
is shot out until all of the ore back to the crosscut is mined.
In like manner the ore on the other side of the drift is mined.
Similar work is done at the end of the crosscut that has gone
from the raise to the opposite wall of the orebody. As the
ore is thus removed the thick covering of broken lagging
and other waste material that has collected above it settles down
and fills the space from which it has been removed. This

waste material covers the ore like a mat and keeps it clean.
When the miner has taken the ore from around the first
drift and has drawn back to the crosscut he makes a second
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drift just as he made the first except that it is a few feet
nearer the raise. The ore is removed from around the second
drift in the same manner as it was removed from around the
first. The operation is repeated until all the ore is mined back
to the raise. At such time as best facilitates the work a second
crosscut is driven from the raise about sixteen feet below the
one being mined out. The work of crosscutting, drifting and
mining is repeated in the same manner as it was done im-
mediately above. In like manner work is done about all the
raises. As mining continues the orebody is lowered and the
lower level is approached in cuts of about sixteen feet each.
When the main level is reached the ore is mined from about
it in exactly the same manner as it was mined from other parts
of the orebody; the level really becomes a sub-level when the
ore about it is being mined. The nature of the ore makes it
advisable to remove the ore between the two levels in about six
slices, that is about sixteen to seventeen feet to the slice, which
means that from eight to ten feet of ore is drawn from the
back of the drift. An attempt was made to divide the hundred
feet into four parts but the results were not satisfactory.

The orebody was opened on some of the main levels by
two main drifts in the ore, one along the foot and one along
the hanging, these being connected by crosscuts. It was hoped
that this method would enable a more advantageous distribu-
tion of the working raises, and would facilitate haulage on
the level. The objection was that the numerous openings in
the orebody made too much repair work necessary.

The methods described above are the methods theoretical-
ly followed, but variations are always made to meet such ex-
ceptional conditions as might be encountered. In the work
of removing the pillars from the old workings it is often dif-
ficult to select locations for raises.

It is not necessary to support the ground around many of
the openings for any great length of time; consequently most
of the timber used is small. However, those drifts in the ore
which have to be held for some time require considerable re-
_pair work, even with the heavy timbers that are used; but they
are not made larger nor more elaborate than is necessary. Ul-
timately they too are caved down and mining operations re-
moved to a lower level. No pillars of ore are left behind;
no ground is left in such a way that it is liable to cave and
ruin the workings; and no great amount of heavy timber is



24 LAKE SUPERIOR MINING INSTITUTE

used as with the “room and pillar” method; no great amount
of dead work is done as with the “filling” method, nor is a
large body of heavy ground under-cut. There are some tim-
ber costs, and some dead work is done, but both are small
in comparison with past methods. Moreover, little or no ore
is lost.
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THE BLOCK-CAVING SYSTEM USED AT THE PE-
WABIC MINE.

BY A. J. MYERS, IRON MOUNTAIN, MICH.*

The formation at the Pewabic mine in which this block-
caving system is used is about 250 feet wide and stands up
straight at 9o degrees from the horizontal. The footwall is
the gray Traders slate and the hanging is the Red Brier slate;
both walls are uniform in dip and strike. A horizontal sand-
stone capping, about 100 feet thick overlies the ore formation
and forms a strong arch over it. A depth of 500 feet was
reached before the sandstone formation broke through to the
surface with a hole about 5 feet in diameter, which has since
enlarged about 700 feet wide by 1,500 feet long.

There are four distinct operations in this system of min-
ing: namely, developing, caving, opening up and actual min-
ing.

DEvVELOPING.

The developing of a block consists of driving footwall
and hangingwall drifts about 7 feet wide by 8 feet high along
the whole length of the block, which is about 250 feet square.
Crosscuts and drifts on 30-foot centers are driven north from
the hangingwall drift and east from the main crosscuts, the
width and length of the block being developed. (See plan
sketch). Stopes are then started above the footwall drift and
the crosscut at the west end of the block, a back pillar about
6 feet thick being left above the drift and crosscut to hold
the broken ore on which the men work while raising the stopes.
Raises on 30-foot centers are put up through this back pillar,
every other one being cribbed to allow for passage of men,
tools, etc. The other raises are known as “dummies” and
are used for drawing out the surplus ore broken in the stopes.
These stopes are raised to within 20 feet of the level above, a

*Mining Engineer, Pewabic Mining Co., Iron Mountain, Mich.
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floor pillar being left to hold back the waste, gob and broken
sandstone from the surface. When the stopes have reached
the required height, the pillar above the crosscuts and foot-
wall drift is drilled and blasted out, the north and east corner
of the block being blasted first at this mine. The stopes are
then cleaned out from foot to hanging and from end to end
of the block. Thus at the close of the development stage,
a block about 250 feet square and from 100 to 125 feet high
is cut off on all but the hanging wall side and stands on solid
pillars about 22 feet square. In the meantime a main haulage
drift has been driven in the red-slate wall parallel to and about
40 feet distant from the ore.

CAVING.

The pillars are now weakened by drilling and blasting off
the corners; some of the pillars will crush when 6 feet in
diameter and others have to be blasted out entirely, depending
on the physical character of the ore in the pillar itself. This
weakening of the pillars is started on the side of the block
farthest from the main haulage drift and proceeds until the
width of the formation is covered. In most cases in this mine
the north side of the block comes down before the weakening -
of the pillars is completed to the south side. When the whole
block is down, it has dropped about 8 feet and has broken up
fine enough to be shoveled into cars.

MiINING.

Crosscuts have been driven, meanwhile, from the main
haulage drift on 50-foot centers to the south side of the block.
From these points timbered drifts are now poled through the
. broken ore to the north or footwall side, where drifts are
driven off at right angles east and west. The drawing out of
the ore is now begun, and it is continued at any one point until
the sandstone or surface material moving with the ore makes -
the product too low in iron content. Plank sollars are used
and one miner can take care of one or two pairs of tram-
mers, depending on how well the ore has broken in caving.
This drawing is continued toward the main haulage drift un-
til the ore is extracted. At first glance one would think that
considerable timber is used in poling through the ore; how-
ever, only enough crosscuts are driven to supply the output
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required, and thus only a small portion of the caved block is
on timber at any one time.

Several attempts have been made to arrive at the probable
loss in mining with this system. The results show that the
loss is small and that the system in this respect compares fav-
orably with other systems used in underground iron mining.
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THE METHOD OF MINING AT THE LORETTO
MINE.

BY C. H. BAXTER, LORETTO, MICH.*

The principal orebody at the Loretto mine is a vein-like
deposit dipping almost vertically and averaging about 1,000
feet in length. It is usually from 10 to 40 feet wide, but in
places it narrows to a few feet or widens out to 100 feet.
For the greater part of the length of the orebody the ore
came up to the overburden, which is about 25 feet in depth.
The orebody is developed to a depth of 800 feet.

The ore varies greatly both in iron content and in physical
characteristics. In some sections it is hard and lean; in others,
though of high iron content, it will stand up well; in others
the ore.is composed of uncemented grains and though easily
handled when dry, is almost impossible to hold when wet.
The orebody is for the most part dry, but in places water
comes in from the wall rocks and makes trouble in mining.

Both foot and hanging walls are very weak slate-like
formations with a very marked cleavage with the bedding,
and joints across the bedding. The wall rock breaks off first
into slabs and then into small angular pieces along the joint
planes.

When this orebody was first opened, the Sturgeon River
crossed it at about the middle of its length, making necessary
the supporting of the surface. The first method of mining
was the room-and-pillar method. The distance between lev-
els was 100 feet. On each level a crosscut was driven from
the shaft in the footwall to the orebody, and a drift driven
longitudinally in the orebody and timbered with square-set
timbers. Except under the river, where a large pillar of ore
was left to insure the support of the surface, alternate stopes
and pillars were laid out; the stopes were usually 2 or 3 sets
wide and the pillars 3 or 4 sets wide and extended from foot
to hanging. The stopes were mined by the usual square-

*Superintendent, Loretto Mine, Loretto, Mich.
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set method to within 20 feet of the level above. By this
method, the larger portion of the ore was left in the mine to
support the surface.

In 1908 the river was diverted around the orebody* and
the removal of the pillars by the top-slicing method com-
menced. All the stopes in the mine that were open were filled
with rock. On each level as mining proceeds a drift is driven
in the footwall parallel to the orebody and a crosscut into each
pillar. A two-compartment raise, 4 ft. by 7 ft. in outside di-

A
. o
Cntee o
o

L) : : o '
‘Typical Longitudinal Section—The old “room and pillar” stopes were
mined up, two or three sets long and as wide as the orebody, and
a floor pillar left to protect the level above. The sketch shows
typical rooms and pillars, and the ore above the upper level being
mined in 11 foot slices. At the same time, the lower level is de-
veloped, and raises put up through the pillars.
mensions and built of 6-in. cribbing, is put up in each pillar,
preferably on the footwall. Mining then proceeds from the top
by the usual top-slicing method. Nine slices are taken to a
level, each slice thus being about 11 ft. high. In slicing, the
ordinary type of drift set is used, with a post g ft. long and
a cap 4 to 6 ft. inside the joggle, to suit conditions. The tim-
bers are from 6 to 10 in. in diameter. The usual slice is g feet
wide.
The usual procedure from the top of the raise is to crosscut

*Proc. L. S M. I. Vol. XVL
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to the hanging wall, drift east and west on the hanging to
the filled stopes, then drop back toward the foot by succes-
sive side slices until the floor is all removed. The ore is
shoveled into 34-ton buggies and dumped in the raises. As
the ore is taken out, the bottom is covered with 1-in. hard-
wood boards or lagging, and whenever the timber from that
portion of the slice from which the ore has been removed
shows much weight, it is blasted and the back comes down.
Before the sets around the raise are blasted, the slice below
is opened up enough to make room for the buggy and tools.
As the work advances, the ore on each slice is taken out right
up to the floor of the slice above; thus no ore is left to be
pulled coming back.

Many variations of the method given above are practiced,

=Y -
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General Level Plan—This shows the o!d square set workings, the
stopes opened from foot to hanging and the drift carrying through.
The new main drift is driven about 40 ft. back in the foot and

crosscuts put in to the pillars. Two—compartment raises are put
up on the foot to the level above.

always in accordance with the general rule that the ground
around the raise is weakened as little as possible and that the
order of mining is retreating toward the raise. As the pillars
vary greatly in size, often more than one raise must be put
in a pillar to keep it from lagging behind the others; in this
manner the mining is kept at about the same elevation in all
the pillars. Since many of the pillars are small, the amount
of ore mined from each raise is much less than would be in
the case with a new orebody.

On the upper levels, the mat of timber above the back fol-
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lowed the mining down pretty well and in most cases only a
few lagging were needed to cover the bottom of the slice.
At present, however, the pressure from the walls seems to
hold the mat up and the opening left by mining fills with
wall rock. If any opening is left in the back, fine rock will
run until stopped; this necessitates boarding down each floor
very closely.

The amount of dead work in driving drifts and crosscuts
in the footwall is very great for the amount of ore mined;
but this cannot be avoided. as the settling of the pillars makes
it impossible to hold an opening in the orebody for more than
a short time.  This settling even affects the footwall, so that

Foortwall

Plan of Typical Piilars—Showing the raises near the foot, the
crosscut to the hanging and the order of slicing back. The
pillar marked *“A” shows the hanging slice blasted down.

in places the crosscuts to the orebody must be regraded and
retimbered several times a .year. The settling of the pillars
and old filled stopes in mass has amounted to from 20 to 30
feet for a considerable length of the orebody.

The pillars have now been extracted down to about the
fifth level; since each foot of ground is opened up and tim-
bered, the extraction is practically 100 per cent.
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MINING METHODS IN THE IRON RIVER DISTRICT
OF MICHIGAN.
BY RUDOLPH ERICSON, IRON RIVER, MICH.*

BaLtic MiNe—Operated by the Verona Mining Co.

A sub-level stoping method is used, with sub-levels laid out
25 feet apart and the ore on each sub-level blocked out so as to
leave small pillars. Raises or mills are put up from the lower
sub-levels, and the last ore blasted from the back and small
pillars goes directly into the mills. As the mills are only 20
feet apart and flared at the tops, very little loose ore is left
behind to be mined with the next sub below. With this meth-
od of mining, so little tramming is required that it is usually
done with wheelbarrows. The mine has a strong jasper hang-
ing.

BATEs MINE—Operated by the Bates Iron Co.

This mine is worked by a shrinkage-stope method, very
similar to that in use at the Hartford mine at Negaunee, and
described on page 133 of Volume XIX of the Proceedings of
the Lake Superior Mining Institute.

BENGAL MINE—Operated by the Verona Mining Co.

The mine is comparatively new and is operated by the
top-slicing system. One reason for this, probably the leading
one, was the heavy overburden of sand in direct contact with
the orebody. '
BERKSHIRE MINE—Operated by the Brule Mining Co.

The top-slicing system is used in part of this mine, and a
modified sub-level stoping method in the rest of it.

CaspiaN MiINe—Operated by the Verona Mining Co.

The top-slicing system is used throughout. The method
is fully described in a paper by Mr. W. A. McEachern, pub-
lished in Volume XVI, page 239 of the Proceedings of the
Lake Superior Mining Institute,

*Superintendent Davidson Ore Mining Co., Iron River, Mich.
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CHICAGON MINE—Operated by the Munro Iron Mining Co.

In choosing the method of mining at this mine, the op-
erators were confronted with the problem of mining a low
grade ore cheaply. The ore is close to or lies directly upon a
black slate which has a dip of 70 degrees. The hanging wall
is a hard jasper which stands well, being harder than the ore
itself.

The method of mining is similar to that employed at the
Hiawatha mine, which is described later, except that the levels
are 200 feet apart, with five subs equally spaced between them.
The ore from the higher subs breaks into small chunks as a
result of dropping from a considerable height; this makes
tramming and drawing the chutes less expensive than it other-
wise would be. A certain amount of ore must be left on the
black slate footwall; otherwise the ore will be contaminated by
slides of the slaty material.

DavipsoN No. 1 MINE—Operated by the Davidson Ore Min-
ing Co.

A sub-level system is used, with the sub-levels laid out 20
feet apart. The principal orebody dips to the south and has a
flat pitch to the west. The sub-levels are driven east to the
end of the ore; raises are then put up from the lower sub-
levels and the tops are widened. The ore in the back and
sides of the upper sub-level, on the extreme end first, is then
blasted directly into the mills and trammed on the lower sub-
levels to the main raises leading to the haulage level. The
accompanying drawing shows a crosscut with the layout of
the pocket at the shaft.

DoBer MINE—Operated by the Oliver Iron Mining Co.

The deposit is fairly regular, dipping from 54 to 58 de-
grees, and is approximately 100 feet wide. The footwall is
of black slate, which on one end of the deposit swings around
for a short distance and forms a hanging. It was at this point
that the broken slate gradually accumulated and caused the
Dober mine fire; the high sulphur content of the black slate
will produce spontaneous combustion when the slate is broken
up and subjected to weight. The hanging wall for the rest
of the mine is a flinty jasper of extraordinary hardness. The
mining method adopted is shrinkage-stoping. =~ When the
stope is within 10 or 15 feet of the level above, the work is
transferred to this level, the ore being broken down into the

e A
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stope below, where it is drawn off as desired. The work on
the level above is begun by drilling holes on the back, sides
and bottom on the inside end of the ore.

FocarTYy MINE—Operated by the Verona Mining Co.

Mining is carried on by means of the sub-level caving
system, with levels 100 feet apart and subs 25 feet apart.

ForBes MINE—Operated by the Jones & Laughlin Ore Co.
Three methods of mining are used at this mine; namely:
top-slicing, sub-level underhand stoping, and shrinkage stop-
ing.
The top-slicing system is very similar to the method in
use at the DavidsonNo. 2 mine, to be described later.

The sub-level underhand stoping is conducted as follows:
First, the block of ore which is to be removed is selected.
The blocks are usually 70 to 8o feet in length on the vein and
include all the ore between the foot and hanging wall. From
the main drift on the hanging or foot, as the case may be,
and 20 feet to either side of the block of ore, a raise is put
up to the top of the ore which is to be mined, or from level
to level as the case may be. Two parallel crosscuts with 4o-
foot centers—the first one 40 feet from the center of the raise
—are run from the nlain drift to the foot or hanging directly
under the block of ore. The crosscuts are two sets high; the
first so as to permit tramming, and the second so as to allow
the fillers to work. The first set is covered with short rails
and poles to be used as stoppers in filling. From both sides
of the upper set and at close intervals, incline raises are put up
on an angle of about 50 degrees. These raises are bell-mouthed
at the top; thus the ground above and between the two cross-
cuts is left as a wedge-shaped pillar. At the top of the small
incline raises, vertical raises about 15 feet high are put up,
these being laid out in squares 20 feet apart. These save
tramming while the sub-level is being driven. The sub-level
is driven from the main raise into the ground which is to be
stoped at an elevation which will bring the back of the sub-
level in the same plane as the tops of the small vertical raises.
When the sub-level is completely opened, raises are put up
directly over the previously mentioned vertical raises to the
point where the next sub-level will be opened. The next op-
eration is blasting down of the bottom of the first sub-level,
at the point farthest from raise first, retreating toward the
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main raise. The same procedure is followed on the next sub-
level above.

The shrinkage-stope method is used at only one stope in
the mine. Here the orebody is about 50 feet wide. A main
haulage drift was driven on the footwall and a parallel drift
opened along the hanging. The first raise was put up from
the main haulage drift to the top level. Small untimbered
raises, 20 feet apart center to center, were next put up from
the foot and hanging drifts. At a point 15 feet above the
level, the small raises were connected and the stope opened
to full size of the ore deposit. From this point on, back-stop-
ing is practiced, only sufficient ore being drawn off to allow
working room until the stope is finished, when the ore is drawn
off as desired.

HiawaTHA MINE—Operated by the Munro Iron Mining Co.

The first requirement in the method of mining to be used
at the Hiawatha mine is a cost which is low in keeping with
the grade of the ore. In the upper part of the mine the ore
is surrounded by a rock and ore formation, but at depth a
soft black slate appears on both foot and hanging, making min-
ing under any system very difficult. ‘The orebody is faulty.
The ore is hard and tough, breaking in large chunks. The
orebody is too narrow for slicing and the grade of the ore
prohibits the use of timbers. Back-stoping was tried, but with
indifferent success; the broken ore seemed to cement together
and did not draw down, and it was very apt to bridge over
and then fall when the men were on top.

Sub-level stoping was finally adopted, the method being
as follows: The new level is driven 135 feet below the old
level and is timbered 7 feet in the clear. Between the two
levels three subs are driven at equal distances and the lower
sub is connected with the main level by raises 24 feet apart.
The lower sub, at the far end of the orebody is stoped back
perhaps 20 feet for the width of the orebody, a bottom of ore
being left against the sub above. The second sub is then
worked back until its back and bottom are flush with the face
of the stope below; and so on with the other subs.

To break the ore in the first sub costs 25 to 50% more
than in the upper subs. The method requires no timbering.
The men are always working under cover, never in open stopes,
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The only essential precaution is to leave a layer of ore on the
black rock to keep it from sliding into the stope before the
ore is all removed. One disadvantage of this method of min-
ing is that owing to the extreme toughness of the ground the
ore breaks into large chunks which have to be blasted to pass
the chutes. The expense of this is considerable; a softer ore
would break up readily and would be much cheaper to mine.

HoMer MINE—Operated by the Buffalo Iron Mining Co.

The main orebody in the Homer mine is a rather hard
limonitic hematite. It varies in width from 20 to 100 feet
and dips from 45 to 60 degrees. These conditions are best
adapted to sub-level stoping.

The angle of the dip would make back-stoping difficult,
and the hardness of the ore makes possible practically as high
a percentage of extraction as with a caving system and at a
lower cost per ton.

The preliminary raises are started from the haulage level
and put up about 200 feet apart in the ore. They are about 4
feet square, and are not timbered. As soon as these raises
are high enough so that there is 14 feet of solid material above
the haulage level, a sub-level is started from both sides of
the raise. The raise is then continued and sub-levels started
from it in the same manner about every 20 feet vertically.
The sub-drifts started from these raises are driven until they
meet similar sub-drifts started from other such raises. Where
the orebody is less than 30 feet wide, only one such drift is
needed ; but where it is wider two drifts are put in and con-
nected with crosscuts every 1oo feet. Auxiliary raises are
put up from the haulage level to these sub-levels every 50
feet, to reduce the distance the ore must be wheeled in the
sub-levels. The first step in mining the ore between the subs
is the bell-mouthing of the top of one of the raises from the
main level to first sub-level. The back of the first level is
then broken directly into the raise. This is continued clear
through to the top sub. The stopes are widened by break-
ing the ore on each sub in succession into the open stope, which
is thus gradually increased in size. The men are at all times
a short distance away from the open stope and have a back
of solid ore directly overhead. The stopes are opened up until

they are as large as is thought practicable and pillars are left
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to keep the hanging wall from caving. With the orebody
from 40 to 60 feet wide, these stopes are made about 150
feet long.

When the stopes have been completed, raises are put
through the pillars and as large a part of the ore as possible
is blasted into the stopes on each side and drawn out. These
pillars are from 25 to 50 feet in width, depending on where they
are left and what they have to support. Where the footwall
is as flat as 45 degrees, the ore does not slide readily; hy-
draulicking with a 2-in. stream has been tried with consid-
erable success.

JaMEes (OsaNA) MINE—Operated by the Mineral Mining Co.

A system of sub-level stoping is employed. The orebody
is overlaid by a jasper capping and does not extend up to
the sand.

RoGers MINE—Operated by the Munro Iron Mining Co.

The final method of ore extraction has not yet been chosen.
The unusually large amount of water which the mine makes
has required extensive drainage openings and has precluded
for the time being any extension of workings into direct con-
tact with the overburden.

Spies MINE—Operated by The Cleveland-Cliffs Iron Co.

The orebody is now being developed; the method of min-
ing will be decided upon later.

TuLLy MINE—Operated by the Corrigan-McKinney Co.

Two methods of mining are employed, sub-level stoping
somewhat similar to that in use at the Hiawatha mine, and
shrinkage-stoping.

YounNGs MINE—Operated by The Huron Mining Co.

A method combining shrinkage-stoping and sub-level stop-
ing is used.

ZIMMERMANN MINE—Operated by the Spring Valley Min-
ing Co.

An attempt was made to adopt the block-caving system of
mining but it was found impossible to bring down the ore
uniformly without contamination from the overburden and
the method had to be abandoned. At the present time several
of the regular methods are being tried.

-_
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For the above data regarding local methods, the writer is
especially indebted to the following:

Mr. D. H. Campbell, Superintendent, Munro Iron Min~
ing Co.
. Mr. H. S. Peterson, Chief Engineer, Jones & ILaughlin
Ore Co. ,

Mr. W. A. McEachern, Mining Engineer, Verona Min-
ing Co. :

Mr. R. C. Mahon, Mining Engineer, Wickwire Mining Co.
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THE METHOD OF OPENING AND MINING THE
DAVIDSON NO. 2 MINE.

BY RUDOLPH ERICSON, IRON RIVER, MICH.¥

The Davidson No. 2 mine is located about two miles north
of the village of Iron River, Michigan, and is operated by the
Davidson Ore Mining Company.

Drilling on this property in 1909 and 1910 disclosed a vein
of iron ore having a dip to the south of from 30 to 60 degrees
and an orebody decidedly irregular, in places attaining a width
of more than 100 feet, and in other places being scarcely a
drift wide. The major portion of the deposit extends upward
to the sand. The footwall is a graphitic slate and the hanging
wall a jasper of varying thickness, which is in turn overlaid by
slate. The ore is.a limonite, sufficiently hard to require the
use of power drills for breaking.

The top-slicing or caving system of mining was adopted for
the removal of the ore, because the greater portion of the de-
posit was in direct contact with the sand overburden, and be-
cause of the uncertain strength of the hanging wall due to
the overlying slate. With the information available at the
time mining was started, it seemed reasonably certain that
any other system would cause a greater loss of ore in mining
than the operators desired.

The shaft was started in August, 1910, and sunk to a
depth of 200 feet, the first level being opened at 152 feet. The
first ore was hoisted in February, 1911, six months after the
clearing of the surface was started. The 152-foot level was
opened by drifting in the ore along the footwall contact, and,
where the ore was sufficiently wide, driving drifts in the ore
on the hanging side. The hanging-wall drifts were merely to
improve the ventilation. At intervals of 100 feet on the foot-
wall drift, 60-degree incline raises were put up to within five
feet of the top of the ore, and from this point the top or first

'Superlntenden_t Davidson Ore Mining Co., Iron River, Mich.
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slice was started. Single longitudinal drifts were driven 50
feet each way from the raise, and from the extremities of these
drifts, crosscut drifts were driven to the foot and hanging
walls. In this way the block of ore to be mined from each
raise was outlined. Two crosscuts were next driven parallel
to and next to the end crosscut, so as to produce a room 30
feet in width with a length varying as the width of ore in
the particular place.

At this stage the ore remaining above the timbers of the
slices was mined out. The plan was an endeavor to keep a
uniform thickness of § feet of ore above the timbers, but the
uneven contact between the sand and ore in some places varied
"this amount greatly. The ore above the top slice in the 30-

BAVIBSON Ne. 2 MINE.

:
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foot rooms was removed to the sand, usually by a top-timber
method. When all the ore had been removed, the bottom was
covered, and the sides of the room, excepting on the foot and
hanging walls, were laced with plank. The covering of the
bottom consisted of 8-foot poles 4 to 6 in. in diameter laid 3
feet apart crosswise of the drift and of 2-in. plank of No. 3
grade laid across these poles and lengthwise of the drift. Par-
ticular care was exercised to get all the covering laid before
bringing in the sand. In this case directly over the ore was
a hardpan that had to be blasted before it started caving. The
remaining ore of the top slice was removed in the same way,
except that the rooms were not made so large before caving
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the sand and there was no further need of blasting the hard-
pan.

In the lower slices, there is a good matte of tim-
ber and cheap 114-in. maple is used instead of 2-in. plank
for lacing the sides and covering the bottom. The side lacing
is also sometimes done with a re-sawed material about 74-in.
in thickness. The regular slice is 1114 feet high. The timber

used is 614 to g-in. in diameter and the legs and caps are 8 feet
in length. The sets are spaced about 4% feet apart, depend-
ing somewhat on local conditions. No top timber sets are used,
the space between the top of the cap and the covering boards
of the slice above being filled loosely with a network of lag-.
ging. In the regular mining, no ore is left in the back of the



44 LAKE SUPERIOR MINING INSTITUTE

slice to be robbed out later, everything being mined clean to
the covering boards as the drift progresses.

The raises are cribbed and usually have three compart-
ments, two serving as ore chutes and the center one as a pass-
age-way for workmen and supplies. Each compartment is 4
feet square. A raise of this type is well adapted to the con-
tract system of mining, as two contracts can work from a
single raise with separate places for dumping the ore.

The present plan calls for main ore haulage levels at ap-
proximately 100-foot intervals. Figure 1, which is self-ex-
planatory, shows the plan of a portion of 240-foot level. The
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layout of drifts, and method of installing the pocket at the
shaft is further illustrated by cross-section in Figure 2; it is
somewhat unusual, but has been found to give satisfaction be-
cause it does not cut up the ground and cause it to shatter.
The usual method, where a pocket is established at the shaft,
of removing all rock material between the pocket and shaft
and thus producing a large opening, often becomes trouble-
some to hold and repair, as close to the shaft troubles occa-
.sioned by crushing or moving ground are hardest to combat.

Figure 1 shows the method adopted for opening out the

.
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main level at the point where the raise is located. The gegular
cap used in the main level is 8 feet long, but these are grad-
ually lengthened at raise turnouts to a maximum of 11 feet,
and the drift is continued at this width until past the inside
ore chute when the cap is again gradually reduced to regular
length. There is room at these turnouts for cars to stand
under the chutes while another train of cars is passing on the
main level. Cars can be pushed or pulled under the chutes
from either end, as frogs are placed in the track at each end
of the turnout; this system serves to a considerable extent
the purpose of a double-track drift without as high an initial
cost or as large a maintenance cost.

The cars are hauled by a 4-ton Baldwin-Westinghouse
motor of 30-in. gauge. The trolley pole is what is known as
D-20 type; it is especially serviceable when the motor is run-
ning on the sidetrack at the turnouts, as only one trolley line
is used and that line is over the main track, so that the trolley
pole has to adjust itself automatically.

The method of framing timber for main levels is shown
in Figure 3. This particular method is far from being new
and is probably used at other mines. The ease and quickness
with which the timber can be framed and set up especially rec-
ommends it, also the fact that for openings of a certain size
timber is saved, since the cap does not extend over the entire
top of the leg. There seems to be ample strength directly
over the leg, as the cap breaks in the center. The writer first
saw this method of framing round timber at the Lake Ange-
line mine, at Ishpeming, Mich.
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THE SUB-STOPING METHOD OF MINING AS USED
AT THE CHATHAM MINE.
BY F. J. SMITH, IRON RIVER, MICH.*

The principal method of mining at the Chatham mine is
what is known in this district as sub-stoping. The orebodies
are comparatively small, narrow, and irregular, varying in
width from 10 to 50 feet and running not usually more than
300 to 400 feet in depth. In many places rock bunches stretch
clear across the orebody. The dip varies from 60 to go de-
grees and the ore differs in structure from soft limonite to
very hard blue hematite, both often being mixed in the same
orebody.

The levels of the Chatham mine are 125 feet apart ver-
tically. On these levels, drifts, and crosscuts if necessary, are
driven in the ore in such a manner that raises may be put
up about 25 feet apart and chutes built in them. A new
raise is started as soon as the drift has advanced sufficient
distance from the last one. The raises are extended 25 feet.
As soon as the chutes are built, the drift is timbered to pre-
vent any caving of the back when stoping is being done above.
At some convenient place in the ore, two of the raises, about
50 feet apart, are continued clear through to the level above.
Generally one of these two raises is near the end of the ore-
body so that stopmg may later be started around it. Sub-
levels, or “subs” are then put in every 25 feet, vertically’h
connecting these raises; this makes four “subs” between
each level. One of the raises is then ready to be used for
ladder- and pipe-way and another for a mill. The subs are
then continued toward the end of the orebody. Whenever a
breast of the subs gets too far from the original mill for effi-
cient mucking, a raise is put through from the 25-foot sub be-
low. The ore is easy to handle on the 25-foot sub-levels, be-
cause, as before stated, the raises are put to this “sub” as fast as
drift advances. The subs are continued into the rock a short

*Superintendent of the Brule Mining Co.
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distance beyond the end of the orebody and then connected
with a raise, called a “blind raise,” which is used for lad-
der-way and pipes and. serves as an exit when this end of
the orebody is bemg stoped.

If stoping is started at any point except at the farthest
end of the orebody from the blind raise, then a blind raise will
be required at both ends of the orebody; therefore, stoping is
generally started around the first long raise put up, which is
at the end of the orebody. There is an advantage, however,
in beginning near the middle of the orebody, in that stoping
can then be done towards both ends of the orebody at the
same time, twice as many working places being thus provided.

The stope is started by drilling uppers and down holes on
each sub around the raise and slicing out the ore toward the
foot and hanging until a wide bench is formed, after which
more stope holes are drilled. This process is repeated until
the full width of the orebody is opened into a stope reaching
from the 25-foot sub upward. The level above is worked
back at the same time. Particular attention is given to fun-
neling out the raises below the 25-foot sub, so that large chunks
of ore can work down close to the mouth of chute where
they can be easily blasted. Stoping is continued by slicing
out a well-covered bench from the sub toward the foot and
hanging. When the rock walls have been reached, uppers and
down holes are drilled from the benches, first nearer the rock
and then back toward the sub. When this is finished another
bench is started from the drift and continued to foot and hang-
ing and the above operation repeated. When a rock bunch is
encountered which is large enough to be left for a pillar from
foot to hanging, a raise is put up along the rock on the opposite
side from the stope and stoping again started in the way
previously described. If the rock bunch is smaller and can-
not be left it is drilled separately and as soon as the chutes are
empty, it is blasted down and hoisted for rock.

Blasting is done as often as possible, so that a great amount
of -ore does not have to be blasted at one time, for otherwise
the ore will run on the 25-foot subs and make the miners
there to do a lot of shoveling. Generally 10-foot holes are
deep enough, but occasionally 14- and 16-foot holes are needed.-
The angle of the face of the stope depends upon_ the character
of the ore; if the ore is soft and subject to caving, the stop-
ing on the upper subs is kept a little further advanced than on
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the next ones below. If the ore stands well, the face is car-
ried about vertical. '

Because the orebodies are small, often those located on one
level are developed and mined during the same season. Stop-
ing is, therefore, begun before the sub-drifts are finished, as
is shown in the sketch of the longitudinal section: the heavy
lines indicate entry work completed at the same time that the
stope is well started, and the dotted lines show entry work
yet to be completed while stoping is still being done.

The following are a few of the advantages and disadvan.
tages of the system:

ADVANTAGES.

(1) Little development work is required before stoping
may be begun.

(2) All the ground broken can be hoisted at once.

(3) The method may be used to good advantage in
ground which is too soft and not uniform enough for back-
stoping.

(4) The rock bunches found in the ore are disposed of
with little trouble.

' DISADVANTAGES.

(1) The large amount of drifting and raising required
may make the method uneconomical in hard ore.
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MINING METHODS IN THE CRYSTAL FALLS,
AMASA AND FLORENCE DISTRICTS.

BY M. E. RICHARDS, CRYSTAL FALLS, MICH.*

The principal mining systems used in the Crystal Falls,
Amasa and Florence districts are sub-stoping, back-stoping,
block-caving and underhand-stoping. There is one open
pit mine in the district. The stoping systems can be used to
best advantage because the ore occurs in lenses, ordinarily not
wider than 60 feet, with rock capping, in steeply pitching folds
in the slate footwall. The backs are thus narrow, if proper-
ly archéd, and strong enough to hold up the surface while the
lens is being mined.

In some instances, when the ore outcrops at the surface
or when the rock is not thick enough to support the surface,
it is necessary to leave a small arch of ore. In other cases
when there is danger of the hanging caving into the stope,
it is necessary to leave a small pillar of ore from foot to hang-
ing. The major portion of these pillars can be mined out
after the rest of the ore is mined from the lens.

When the ore extends to greater depths, at times it is
important to hold a hanging from coming in, in which case
the back-stoping method of mining is usually adopted. By
this method, the ore is broken, working each time from the
lower level up to the next higher, only enough ore being
drawn off to make working room for the miners. When the
last slice of ore up against the broken rock covering is reached,.
it is first broken through to the loose rock at the far end of
the stoping, after which the miners retreat, breaking the ore
through as they go, toward the traveling ways. The loose
rock now lies on top of the broken ore, and as this broken:
ore is drawn off from the chutes, the rock capping gradually
settles, following the ore down to the lower level. The loose
rock following the ore down is usually not barren, but runs
from 40 to 49 per cent in iron; therefore if a small quantity

*General Manager, The Judson Mining Co., Alpha, Mich.
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is mixed with the ore, no serious damage results. This method
of stoping is used to some extent at the Judson mine, and al-
most entirely at the Bristol mine. It will be described in de-
tail by the Bristol Mining Company in an accompanymg pa-
per. The two main advantages of this system of mining are
that by means of it a caving back can be handled and a mini-
mum amount of development work is required.

The sub-stoping method is used most of all in this dis-
trict and-will be described in detail by the Judson Mining Com-
pany in an accompanying paper.

The block-caving system is used in some mines where the
lens of ore is extremely wide, so that the swing would be too
great for the back to stand, if either back-stoping or sub-
stoping were used ; or in other mines where the ore is not hard
enough to hold up with a large back, and large chunks con-
tinually drop away, making the working places unsafe for the
miners. Suppose, for example, that a block of ore 150 feet
long by 150 feet wide and 100 feet between levels is to be
mined by the block-caving method : First, raises 15 feet apart
are put up from the bottom level, to a height of 20 feet in
the pillar of ore. At the top of these raises a sub-level is
opened, cutting across to each raise. When the bottom of the
. block of ore is thus honey-combed, all the small pillars on this
sub are thoroughly drilled, and then all are blasted at once.
This under-cuts the block of ore, so that it gradually settles
and can be blasted up as it settles into the chutes. This meth-
od of mining was described in detail by the Corrigan Mc-
Kinney Company in its account of methods of working the
Tobin mine in 1911. (Vol. XVI.)

The underhand stoping method is used in some mines and
will be described in detail by the Florence Mining Company
in'an accompanying paper.

‘ Open-pit mining is practiced at the Balkan mine and was
described in detail by the Balkan Mining Company in 1916,
(Vol. XX.)
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SUB-STOPING AT THE AMASA-PORTER MINE.
BY M. E. RICHARDS, CRYSTAL FALLS, MICH.*

The Amasa-Porter mine is located about two and a half
miles southeast of Amasa on the east 15 of the northeast 14
of section 22-44-33, Michigan. It is operated by the Judson
Mining company.

STRUCTURAL GEOLOGY.

The orebody lies mostly in the syncline of a broad fold be-
tween layers of ferruginous slate, the footwall of which is black
slate and the hanging wall chert and jasper. The orebody
averages 35 feet wide and the formation dips at an angle of
80 degrees. The ore does not outcrop at the ledge, but blends
into the ferruginous slate to form a rock capping 80 feet
. thick over the orebody.

MiNING METHOD.

The method of mining used at the Amasa-Porter mine is
sub-stoping. This method was devised for a long deep ore-
body not over 50 or 60 feet wide and dipping at an angle of
60 to go degrees from horizontal. The ore should not ex-
tend to surface, and the rock capping over the ore must be
strong enough to support the overburden, the thickness of it
varying with the width of the orebody and the character of
the rock. The ore itself must be of such structure that it will
stand in the stopes and sub-drifts without the aid of timber. .
The hanging, if of rock, must be solid and-able to stand un-
supported ; if of rich iron formation, it must be rathed hards
However, should a slab of this formation fall and mix with
the ore in the stope, the grade of the product will not be seri-
ously affected.

he Amasa-Porter orebody seemed to have all the main
requirements for sub-stoping—firm structure, a rich iron form-
ation for a hanging, and a long narrow lens of good depth

*General Manager, The Judson Mining Co., Alpha, Mich.
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and with a-strong back. On the main or tramming levels,
which are 150 feet apart, is the only place where it is necessary
to use timbers, the timbers here being mainly to hold the
chutes. ‘

The main drifts from the shaft are driven in rock to the
ore, thence in ore along the footwall to the ends of the ore-
body. Several crosscuts are driven to determine width. At
the extreme ends of the drifts and at one advantageous point
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near the center of the orebody, raises are extended to the next
level. The end raises are places to start stopes and the center
raise serves as a traveling way. The first sub is started from
a traveling road, its bottom being 15 feet above the back of
the main level. It follows the middle of the ore through to
the long raises at the extremities of the orebody. The second
and third subs are opened in the same way, except that all
the subs after the first are twenty feet apart instead of fifteen,
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®* The distance between subs varies somewhat depending upon
the way the ore breaks. Intermediate raises are then put in,
15 feet apart, center to center, from the main level up to the
first sub. These serve as chutes.

When the development work is completed, stoping is start-
ed on the first sub around the long raises at the ends of the
orebody. Upper and underhand holes are drilled and blasted
around the raise, the ore falling into the chute at the bottom.
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This is continued until the stope extends from foot to hanging
and back 12 or 15 feet from the raise. The second sub is
then worked in a like manner, and also the third, as soon as
the stope below has been drawn back a safe distance. Thus
the men are always working under a solid back, as the ore
which is broken on the upper subs falls clear of the miners on
the.subs_below. -

In stoping, the ore is taken ‘out absolutely cléan, as the
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benches on each sub are always carried across the orebody from
foot to hgpging, so that no ore is left unmined if reasonable
precautioﬁe taken to show the rock at the ends of each bénch.

Once a mine is well started upon this system, the largest
part of the work is tramming, for a couple of gangs of miners
can keep a large crew of trammers working. It is advisable
to have the main level drifts double-tracked so as not to cramp
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the trammers, and so that in case a chute overflows and blocks
one track, way is still open to the.shaft on the other. Switch-
es should be placed at regular ‘intervals. 9 he main difficulty,
however, is in getting the ore from the chutes, for it often
comes from the stopes in large chunks;-which must be blasted
before they can pass the chutes.
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MINING METHODS IN THE FLORENCE DISTRICT.
BY J. M. RIDDELL, FLORENCE, WIS.*

At the present there are but two active mines in the Flor-
ence district, namely, the Florence mine, at Florence, and the
Ernst mine, at Commonwealth. The Florence mine is the old-
est mine in the county, but for the past four years it has not
been as active as the Emst mine.

ERNST MINE—STRUCTURAL GEOGLOGY.
The orebody rests upon a footwall of black graphitic slate,
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which dips about 70 degrees from the horizontal. Figure 1,
a horizontal projection, shows that the footwall varies in

*Mining Engineer, Florence Mining Co., Florence, Wis.




MINING METHODS AT FLORENCE AND ERNST MINE 57

direction; the orebody, it will be noted, adapts itself closely
to the distortion of the footwall. Resting upon the orebody
is an oxidized iron formation, to the northeast of which is
a hard silicious carbonate slate, which forms the hanging wall.
Figure 2 shows a typical cross-section.

MINING METHODS.

Because of the firmness of the ore and the manner in
which the “back” would stand, it was deemed advisable to
adopt what is commonly known as the ‘“underhand-stoping
method” or “underhand-caving method.” This method gave
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splendid results between the ledge and the third level, but be-
tween the third and fourth levels, sub-stoping had to be com-
bined with it because the back became more friable. From
the collar of the shaft to the first level is a distance of 120
feet; all the other levels are 9o feet apart. Figure 3 shows
the general scheme adopted in developing and laying out the
levels. The main haulage way is close to the footwall. The
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crosscuts, which make an angle of 60 degrees with the main
haulage way, are 60 feet apart. The auxiliary drifts are lo-
cated according to the shape of the orebody as revealed by the
crosscuts. Raise No. 1 is driven from level to level in the
footwall and connects with all the sub-levels, thus providing
ventilation and affording a secondary passageway to surface.
Raise No. 2, located in the orebody, connects with the level
above and serves as a chute in the development of the sub-
level, which is within 25 feet of the level above.

The sub-level drifts and crosscuts are all driven in ore and
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in direct relation to the workings on the lower level. This ar-
rangement of the drifts and crosscuts between level and sub-
level makes the extracting of the ore very simple. After the
sub-level is developed, numerous raises are driven about 60
feet apart, center to center, between the level and the sub-
level above. By underhand stoping methods, these raises
terminating on the sub-level are then funneled out until the
angle of repose is reached, when the ore will no longer dis-
charge into the chutes. Additional raises are then driven.
from the lower level, which in turn are funneled out, and this
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method is continued until the ore is all extracted; this re-
quires raises spaced about 30 feet center to center. .

- When the stoping is completed, a portion of the floor pil-
lar on the upper level is removed by overhand and underhand
stoping. However, a pillar about 20 feet wide and 25 feet

thick is allowed to remain to give support to the hanging wall
and thus prevent caving.

FLORENCE MINE—STRUCTURAL GEOLOGY.
Figure 4 is a typical cross-section of the orebody and its
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association. The footwall is a graphitic black slate, upon
which usually lies a triplicate series of iron ore, oxidized iron
formation, and black slate. This condition prevails near the
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center of the mine, but at either end the center series pinches
out and leaves two series which are nearly parallel. The ore-
body varies in width from 10 to 130 feet, and its length is
approximately 2,500 feet.

MINING METHODS.

In the twenty-two years between 1878, when the mine was
first opened, and 1900, a number of different methods were
cmployed in extracting the ore: Considerable of it was mined
from an open pit; underground, the common method was
breast-stoping. However, the greater part of the ore has been
removed by underhand stoping. The method is very similar
to that employed at the Ernst mine. To keep the walls from
caving, and make possible the removal of numerous support-
ing pillars, which were in ore, a number of the abandoned
stopes were filled with sand, this material being accessible be-
cause it originally capped the deposit.

.

-—
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HERRINGBONE GEARS USED ON PUMPS.
BY FRED M. PRESCOTT.*

We are often asked our reason for using herringbone gears
on our electric- and power-driven pumps, and why we con-
sider these gears superior to the older forms of straight-tooth
or spur gears. Some enlightenment on this subject is due and
no doubt a few words regarding their installation and care
will be read with interest by all pump users.

The work of the pinion gear is to so drive the other gear
that it will revolve steadily and continuously; consequently
there should be no intermittancy in the tooth pressure at any
time or in any part of the revolution. Spur gears do not
" fully answer this requirement, while herringbone gears do.
The method by which a small spur pinion drives a larger gear
has been described as striking its teeth a succession of blows
with a hammer. This may sound like an exaggerated state-
ment, yet it describes precisely the action of a straight-toothed
pinion, especially if it has but few teeth or becomes worn.

- Herringbone gears are really double helical gears, with
the helix (spiral angle) of the teeth sufficiently steep to insure
an overlapping or screwlike contact between the adjacent teeth,
thus compelling a uniform, even and continuous shove or
push in the direction of the load and throughout the entire
revolution. It is clear, therefore, that this form of gear much
more nearly approaches the ideal in the performance of the
work desired.

The fundamental and conspicuous advantages of the dou-
ble helical gear are its greatly increased mechanical efficiency
and the high ratios of reduction permissible between gear and
pinioni. These advantages are of the greatest value to users
of geared pumps because they simplify construction and length-
en the life and increase the efficiency of the entire installation.

It must be remembered, however, that to secure these val-
ues, gears of this kind must be cut with a precision and ac-

*President of The Prescott Company, Menominee, Mich.
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curacy that is hardly believable. Only the most delicately ad-
justed machines can be used, coupled with workmanship of
the highest order, producing a degree of mechanical exact-
ness through the whole process that is seldom fully appreciated
even by those who buy the gears. It follows then that the
greatest care and attention must also be given to installing
such gearing and this work should be intrusted only to an

FIGURE 1. SHOWING TYPE OF HERRINGBONE GEAR REFERRED
TO IN THIS PAPER.

experienced and skilled mechanic. Experience has shown that
nearly all gear troubles have been because of faulty align-
ment at the time of erecting and starting the machines. A
word of caution, amounting to almost a warning, cannot be
sounded too loudly on this phase of the subject, so vital is it
to the welfare, life and efficiency of any geared pumping unit.
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- Because the pumps have been erected, and the gears lev-
eled, properly lined up and adjusted in the shop, it does not
follow that after the installation has been knocked down,
shipped and re-erected on some other foundation, everything
will go together again accurately enough to run properly. The
utmost care must again be taken to check every level and
alignment and to be sure on the following points:

I.

2.

o b

I0.

II.
12.
3.

4.
I5.

16.-

That the pump is erected on a firm and solid founda-
tion. .
That the frames are set absolutely level, the proper
distance apart and parallel.

That the levels of the frames are maintained after
they and other parts of the pump have been grouted
in and the foundation bolts have been pulled up tight.
(This is to be sure that the frames are set without -
any undue strains.)

That the gear shaft is absolutely level.

That the pinion shaft is level. ,
That the gear shaft and pinion shaft are absolutely
parallel. ~

That the gear and pinion teeth mesh with approxi-
mately 0.015 clearance or back lash.

That there are no dirt and chips between the gear
hub and the shaft, and that the joints and hub are
clean, and that all of the bolts are brought home

- tight.
~ That the hub has a good bearing on the shaft all

around and that it does not ride on the top of the
key when tightened.

That the pinion shaft has a good bearing the entire
length of its boxes—a dummy shaft should be used
to ascertain this, and the bearings scraped to the re-
quired exactness. :

That the motor shaft is in exact line with the pin-
ion shaft.

That the halves of the flexible coupling are set suffi-
ciently apart to allow for end motion.

That the flexible parts in the coupling have ample
freedom to allow for extensibility as well as flexibility.
That the gears are never without lubrication.

That the main bearings are pulled up fairly snug, so
as to eliminate any side motion of the gear. '
That, should the main bearings ever become exces-
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sively worn, shims be placed back of the pillow block
quarter boxes so as to keep the gears at their orig-
inal centers. _

It must above all be impressed on the mechanic that straight
edges, levels and other tools of approximate correctness will
not do, for with gearing whose teeth are generated to regis-
ter perfectly, the settings must be exact to the thousandth
part of an inch. If so maintained, gears of this kind will
last a long time; but if any of these things is not carefully
looked after at the very outset, trouble can be expected later
on, for it will surely come.

There is a prevailing idea that herringbone teeth are sil-
ent, but this is not true. It cannot be expected that gearing
of any kind having metal-to-metal teeth and transmitting heavy
loads will be entirely noiseless. However, they are much more
quiet than other forms of cut gears, and, when all of the
precautions enumerated above are complied with, noise is
practically eliminated and what little remains is never objec-
tionable.

Herringbone gears should be lubricated freely and con-

-stantly. With slow running gears doing heavy work, as in
mine pumps, the lubricant should be heavy, viscous, and above
all things, free from grit. When first starting up the gears,
a good 'thing to do, after cleaning them thoroughly, is to slush
the teeth freely with white lead, and then run them that way
under full load long enough to insure against seizing. This
protects them from the common danger of biting or cutting
when picking up their initial load, which, once it has happened,
is the sure forerunner of serious wear. After that, clean and
dry the gears again thoroughly and apply the regular lubri-
cant.

In all cases where it is possible, geared pumps should be
erected under the supervision of a man sent from the fac-
tory, but where this it not feasible and due regard is given to
the essential accuracies pointed out in this article, the pump
will run so smoothly, efficiently and quietly that it will be g
joy to behold and a pleasure to gwn, '

¥
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MINE ACCIDENTS CLASSIFIED BY MINING METH-
ODS, FOR THE LAKE SUPERIOR DISTRICT, 1915.

BY ALBERT H. FAY, WASHINGTON, D. c.*

As a result of the work of the United States Bureau of
Mines in collecting statistics relating to mine accidents, I am
able to present herewith the accident data for the Lake Su-
perior district, classified by causes and mining methods, for
the year 1915. The data here given represent the reports of
116 iron, copper, and lead-and-zinc properties in Michigan,
Wisconsin, and Minnesota. By methods, these properties are
classified as follows: overhand stoping with shrinkage, 2; over-
hand stoping with filling, 9; overhand stoping with the use
of square sets, cribs, and stulls, 13 copper and 16 iron prop-
erties—the copper mines do not appear in any other group;
caving system, 49 propertles all iron; room-and-pillar method,
3 lead-and-zinc mines and 7 iron mines; steam shovel opera-
tions, 16 iron properties in Michigan and anesota

The properties have been classified according to the prin-
cipal method used, which in the majority of cases represents
80 or go per cent of the total work done. Any mine may use
overhand stoping as its principal method, but may also do a
certain amount of underhand stoping, a small amount of fill-
ing, and even some room-and-pillar work. The figures given
are compiled from selected reports of companies whose rec-
ords seemed reasonably complete, all incomplete returns being
" thrown out. .

The total number of men reported employed in the mines
of the Lake district for these properties was 29,883, as com-
pared with 41,154 tabulated by mining methods for the re-
mainder of the United States. The figures selected include the
actual number of men employed underground and in open-pit
Ammes with the corresponding number of accidents for the
group. The employes around shops and surface workings have

*Mining Engineer, Bureau of Mines,
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been eliminated from these numbers, as well as the correspond-
ing number of accidents.

Table 1 shows the actual number of men employed in each
of the various groups of mines in the Lake district as com-
pared with “Other United States.” It also shows the number
of men killed and injured, together with the rate per 1,000

.employed. It also shows the average number of days worked
per year, which in the Lake district was 288 as compared with
323 for the remaining states. The group of mines showing
the largest number of days worked in the I.ake region is the

TABLE 1. MINE ACCIDENTS IN LAKE SUPERIOR REGION CoM-
PARED WITH OTHER STATES By MINING METHODS
AND AcTUAL NUMBER OF EMPLOYES.

-(1915)
Over hand Stoping
Caving| and |Steam| g
Shrink-| o With Pillar | S0
age M€ (Timber
Lake Superior Region:
Number of employes 239 30868 7360 14425 87 3957
Number killed 1 15 a7 50 (U 12 115
Number killed per 1,000 4.18 4.86 5.01 3.47........ 2.08 8.85
Number injured (a)....... 82 033 3131 3733 307 9185

1 609
Number injured per 1,000.| 343.10| 334.74| 464.33| 25%.78| 390.09| 153.90 3017.70
Average days worked per

Other United States:
Number of employes: e...| 4724 17218 5085 41{;‘ 6630 3370 4llgg

Number killed............. 33 4 20 27 13 1
Number killed - 7.41 4.87 3.93 4.12 4.07 3 56 4.74
Number injure 2162 6621 2339 2068 2512 1299 17001
Number injured per 1,000.| 457.68| 334.54| 450.9s, b5U1.09| 378.88| 385.46) 413.11
Average days worked per
YeAr. . iiuiireennennaianns 319 342 309 286 278 851 823

(a) Includes all injuries resulting in a disability of more than one dé.y,

one using shrinkage stoping, with 304 days as compared with
349 days for the same group of mines in other states. The
steam-shovel mines were operated 273 days as compared w1th
351 days in other states.

Table 2 represents the same group of mines with all of the
accident rates equated to a 300 day basis, both for the Lake
district and for “Other United States.” Inasmuch as the work-
man on the average was exposed to accident for only 288 days
in the Lake district, and for 333 days in the other states, ac-
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-cident rates can not be fairly compared on the basis of the e~
tual number of men employed.

Table 3 shows fatalities and injuries classified by causes for
the mining-method groups, both for the Lake district and for
the remainder of the United States. The Lake district re-
ports 115 fatalities and 9,195 injuries as compared with 195
fatalities and 17,001 injuries for the other states. The fatality
rate (Table 2) on the 3oo-day basis for the Lake district is
4.01 per 1,000 as compared with 4.39 for “Other United
States.” The number injured per thousand 300-day workers

TABLE 2. MINE AccCIDENTS IN LAKE SupERIOR REGION CoM-
PARED WITH OTHER STATES By MINING METHODS
AND ON A 300-DAy Basis.

(1915)

Over-hand stoping
Caving Rand ghw"ml Total
Pillar | ®70V€

Shrink-| poyne | With

age Timber
v Lake Superior Region:
300-day workers ........... 242 3084 7301 |13734 718 3663 28690
Number killed............. 1 15 Bl 50 0 12 115
Number killed j.er 1,000... 4.13] 4.9 5 07 3.64\........ 3.28 4.01
3431 3133 609 9195

Number injured........... 82 1033 2 307
ured per 1,000.| 338.84| 340.47| 469.94| 271.8i| 428.77| 166.26 320.49

Other United States:

Number in

300-day Workers. .......... 5499 119622 5240 3945 6094 3045 44345
Number killed............. 35 84 20 17 21 12 195
Number killed per 1,000. .. 6.37 4.28 3 82 4 31 4.43 3.04/ 4.39
Number injured........... 2162 66821 2339 2068 2512 1299 17001
Number injured per 1,000.[ 393.16| 337.43| 446.37| 524.21) 412.21] 820.28 383.38

in the Lake district was 320.49 as compared with 383.38 for
the remaining states.

SuMMARY FOR THE FIVE-YEAR PERIOD, 19II-IQIS.

Table 4 shows the total number of men killed, by causes,
in the States of Minnesota, Michigan and Wisconsin for the
years 1911 to 1915 inclusive. This table also shows the per-
centage of fatalities due to each cause for the four groups of
accidents named: underground, shaft, surface and open pit.
It will be noted that of the underground fatalities falls of rock
are responsible for 59.14 per cent, while of the open pit fatali-
ties 30.17 per cent are due to the same cause. Of the under-
ground fatalities 8.95 per cent are due to explosives, while in



TaBLE 3. NUMBER OF MEN KILLED AND INJURED IN THE
LAKE SUPERIOR MINES IN 1915, CLASSIFIED BY
CAUSES AND MINING METHOD%.

Over hlnd Stopmc |

Shrink- | With [Caving
age | Filling , Timber

73

Fatal
Nonfatal
Fatal
Non!uul
a
Fatal
Nonfatal
| Fatal
[Nonfatal
Fatal
Nonfatal
Fatal
Nonfahll

UNDERGROUND
NUMBER KILLED OR IN-
JURED BY—
1. Fall of rock or ore from
rooforwall.............. veee
2. Rock or ore while load-
ing at working face or
chute.............
3. Timber or hand .
4 Explosives............. ees
6. Haulage system. (mine
cars, mine locomotives,
breakage of rope, etc). .
6. Falling down chute,
winze, raise, or stope....|....
7. Run o(ore from chute
orpocket..........co...
8. Drilling lccndenu (by
machine or hand drills) .. |....
9. Electricity............. R P
10. Machinery (other than
locomotives ordrills) ....[-ccofeeoc]oanifoeas]ennn
11. Mine fires.............. FETTY PETTY PRONY PRpRS PN
12 Suﬁocuhon from nat-

2162

1603
1109

1114
164
318

.| 440

3

41

15

| i6s
1040

13 lnruah of water ....
14. Nails, splinters, etc.
16. Other causes .......... .

Total number killed or in-
jured underground......|....

SHAFT
NUMBER KILLED OR IN-
JURED BY—

16. Falling down shafts...|....; 1|....|] 4
17. ]:)bject:. falling down
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TABLE 4. NUMBER OF MEN KILLED IN THE LAKE SUPERIOR
MINES, IQII TO 1915, INCLUSIVE.

UNDERGROUND MINN.| MICH.| WISC. TOTAL| JER ..
NuMBER KILLED OR INJURED By—
1. Fall of roek or ore from roof or wall........... 56, 222 26 304| 59.14
2. Rock or ore while loading at working face or| 5 6 .
........................................ : 1 2.14
3. Timber or hand tools.....cccceuvianaanniieean 6 2 14
4. Explosives. ee seeacsescenns 9 8.95
5. Haulage system (mine cars, mine locomotives,
breakage of Tope, €te) ..ocevieeniee crcaiecnn 6.03
6. Falling down chute, Winze, raise, or stope..... 8.95
7. Run of ore from chute or pocket............... . 3.69
8. Drilling accidents (by machine or hand drills)|......o.feeeeeeeafoiiiii oo,
9. Electricity . .cocovvereescarsansoctasnennscasacs 1.17
10. Machinery (other than locomotives or drills) .. 1.17
11. Minefires........coveveeieiincianannnens o ecens 1.95
12. Suffocation from naturalgases ................ .89
18. Inrush of water................ cer seseans 2.53
14. Nails, Splinters, €te ......ccceeeerienniiniacneer]oosseae focecocesfioaiiiafoceataaloneians.
15. Other cAUSeS. .....c.covvierrerceceacaceacsoanes 1.75
Total number killed or injured underground. 100.00
SHAFT ACCIDENTS
NuMBER KILLED OR INJURED BY—
16. Falling down shafts........cceeeeveecenccccacas 16 61| 4067
17. Objects falling down s| . 4 19| 1267
18. Breaking of cables . 4 267
19. Overwinding.......... .. 1 ‘68
20. Skips, Cage, or bucket [ 42| 28.00
1. Other causes.......... 8 23] 1633
Total number killed or inju:
cidents.....coiiiiieiieiaieniceiaiiaionans 33 105 12 150| 100.00
SURFACE ACCIDENTS
AT SURFACE YARDS AND SHOPS
NUMBER KILLED OR INJURED BY—
22. Mine cars or mine locomotives, gravity or
aerial trams....... Ceeesseareiaiiineinaen PR . 4........ 4 155
23. Railway cars and locomotives.................. 2 6l........ 8| 15.09
24, Run or fall of ore in or from ore bins .......... 3| 2| 2 7 13.21
25. Falls Of PErBONS....vovevees ceeericanaeacanenns 3 6 1 10| 18.87
26. Nails, Splinters, ete ...... ... [P
27. Hand tools, axes, bars, etc...
28, Electricity. «cecevoens
29. Machinery. .......
80. Other caAUBeS........covvivniiernernierosencannes

Total number killed or injured by surface
ACCIdents ..viveiiiiiiiiiniiarninniecanes
OPEN-PIT ACCIDENTS.
NuMBER KILLED OR INJURED IN PIT By—

81. Falls or slides of rock or ore.......... veeesaas

82. Explogives...cccieeiaiiariiaiieccietcneicnannaas
83. Haulage system (cars, locomotives, etc).......
84. Steam shovels..... eesessarssscssassreiecseanons

85. Falls of persons...........
86. Falls of derricks, booms, etc...
87. Run or fall of ore in or from ore bins..........
88. Machinery (other than locomotives or steam
shovels..... teteeeesesaecetnntatitanteieraanas
89. Electricity........ .
40. Hand tools .......
41, Other causes
Total number killed or injured by open-pit
accidents .oueeuiiieianieirieniiininaanes

Grand total ........... DN
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open-pit mines 13.79 per cent are due to this cause. Haulage
systems are responsible for 6.03 per cent of the fatalities under-
ground, and 40.52 per cent of the open-pit fatalities.

Table 5 shows labor and accident data for the Lake Su-
perior district for 1911 to 1915 inclusive, giving by year and by
states the number of men employed and days active, the num-
ber killed and injured, and the rates per 1,000 men employed.

The figures given in Tables 4 and 5 give all of the fatali-
ties that were reported to the Bureau and are assumed to rep-
resent the complete mining industry of each state. The figures
in Tables 1 to 3 inclusive are for 1915 and for a selected group
of companies whose records were complete. Thus the figures
given in Tables 1 to 3 inclusive do not necessarily check with
the totals given for 1915 in Table 5.

TABLE 5. ACCIDENT DATA FOR THE LAKE SUPERIOR REGION,

1911-1915.(a)
Number Days  Numberkilled.  Number injured.
employed. active. Total: per 1,000. Total: per 1,000.

Michigan:
1911 31,584 297 134 4.24 7,352 232.78
1912 29,469 304 96 3.26 8,064 273.64
1913 28,174 280 82 2.91 6,521 231.45
1914 27,272 274 99 3.63 6,311 231.40
1915 27,512 289 99 3.60 7.821 284.28
Minnesota:
1911 16,548 252 76 4.59 6,190 374.07
1912 16,559 287 50 3.02 4,424 267.16
1913 19,546 306 63 3.22 6,360 325.39
1914 17,694 249 43 2.43 3,427 193.68
1915 14,672 274 36 2.47 2,991 205.26
Wisconsin:
1911 2.844 259 3 1.05 336 118.14
1912 3,834 271 22 5.74 619 161.45
1913 4,330 288 11 2.54 1,236 285.45
1914 2,676 250 11 4.27 487 189.05
1915 2,651 270 8 3.02 605 228.22

aCompiled from annual metal-mine accident reports, U. S, Bureau of
Mines.
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THE FOUNDING OF THE CALUMET & HECLA MINE
1866-1916. '

(NoTe :—The Calumet & Hecla Mining Company published
a pamphlet for distribution at the time of celebrating its Semi-
Centennial, July 15th, 1916. The facts stated are a valuable
record of the early history of the mine.—Secretary.)

The discovery of the Calumet mine was due to an almost
inconceivable chance. After piecing together what we now
know, we can look back to the events that led up to it with
considerable confidence. Several centuries ago, perhaps be-
fore a white man ever set foot on American soil, we see a
party of Indians digging out copper on Isle Royale. As the
winter approached they prepared to migrate to quarters fur-
ther south; and loading their canoes deep with the spoils of
the summer’s work they paddled to the mainland toward the
southeast. Avoiding the hazardous voyage around Keweenaw
Peninsula, they started to carry across it, and were probably
overtaken by an early winter storm. At all events, they dug
a pit and buried their copper near the place that afterward
became Calumet number 1 shaft. By a wonderful accident the
spot chosen by the Indians happened to be on the hanging
wall of the Calumet conglomerate, close to the lode.

Relieved of their burden, the primitive miners hurried to-
ward a milder climate, but must have met with some dis-
aster on the voyage, as they never returned for the copper.
Generations lived and died, little seedlings on the edge of the
pit grew slowly into huge trees, and in the stillness of the
primeval forest the buried hoard of the Indians guarded in
secret the mighty treasure that lay beneath.

The early French explorers found copper on the Onton-
agon River in the seventeenth century. But Keweenaw Pen-
insula was still a virgin forest seventy-three years ago, when
it was ceded to the United States by the Chippeway Indians.
After the “copper fever” of 1845 and 1846 had subsided, it
left the country still a wilderness, with a few small mines hid-
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den here and there in the forest. Such were the conditions in
1858 when E. J. Hulbert was surveying a state road from
Copper Harbor to what is now the southwest limit of Hough-
ton County. Roaming about in the woods he stumbled across
the pit where the copper from Isle Royale lay buried. This
he mistook for an old Indian copper mine. Looking about
in the vicinity for further traces of workings, he found, a
few hundred feet to the southwest, near what was afterward
Hecla number 1 shaft, a large block of conglomerate. This
rock, weighing many tons, was infiltrated with copper, and
was in fact a bit of the Calumet conglomerate. It was evident
from its appearance that it was not a boulder transported there
by the ice of former ages, and he was convinced that it had
been lifted out of the ground by the frost and lay close to its
original position. Satisfied that he had made an important
discovery, he went about his business, keeping his secret to him-
self. A secret that was valuable only because the pit hap-
pened to be where it would have been had it indeed been the
mine -for which he mistook it. Taking the greatest care to
keep his actions quiet, Hulbert tried to gain possession of the
land on which the pit was situated. With his tiny capital he
was unable to do this, but he eventually bought the land to
the north. So that it was not until August, 1864, that he
found himself in a position to make an opening. Assuming
that the boulder was near the lode, and that the pit was an
opening into the lode, he drew a line from the boulder through
the pit and extended it to the nearest point on his own land.
Here, at what is now Calumet number 4 shaft, he sank a
shaft, and by the middle of September he was well into the
copper-bearing conglomerate. = We must therefore consider
1864 as the date of the actual discovery of the lode.

Hulbert’s next move was to ship a quantity of the rock
to Boston, where he soon went himself. Here he succeeded in
interesting Mr. Quincy A. Shaw in his project. Mr. Shaw as-
sisted him in buying from the St. Mary’s Mineral Land Com-
pany the land to the south of his original purchase. Finally
Mr. Shaw and his friends acquired from Hulbert a controlling
interest in these lands and further options on this property,
which was already known as Calumet. ,

The final settlement with Hulbert came in the dark days

of the history of the mine, when he chose to exchange his
Calumet holdings for’ an interest in the Huron mine. The




FOUNDING OF THE C. & H. MINE 73

latter went to pieces and other ventures of Hulbert’s were
unfortunate. - But Mr. Shaw, with unusual generosity, pen-
sioned him handsomely and he passed the last years of his

life in Italy, where he lived in comfort to a good old age. :

Let us now turn back to the affairs of the mine where we
left them to follow Hulbert’s fortunes. Shortly after Mr.
Shaw and his friends purchased Calumet, the same interest
bought the adjoining land to the south, which was to become
the Hecla mine. It has not been possible to find any records
of the exact dates of these events. Hulbert went back to
Michigan to develop the Calumet mine and began to make-
openings for the company early in 1866. No work was done
on Hecla until the fall of that year.

Meanwhile Mr. Shaw’s brother-in-law, a young naturalist
at Harvard University, was eagerly watching the course of
these events. Alexander Agassiz, at that time barely turned
thirty, was educated as an engineer, but his inherited love of
science had drawn him to his father’s museum, where he filled
the position of an impecunious assistant. In the summer of
1866 Mr. Agassiz took a vacation from the museum and came
up to Michigan to judge for himself of the promise of the
mine. On his return he was made treasurer of both com-
panies. '

Toward the end of the year it became evident that condi-
tions at the mine were unsatisfactory, that the local manage-
ment was becoming involved and was not able to make the
Calumet mine pay. The openings on the Hecla property had
only just been started. The first rock mined was exceedingly
rich and the management seemed to have lacked the knowledge
of how to mine the rock or to treat it after it was mined.
Large open pits on the lode were made which could not be
_continued for any depth and which would only permit of a
very limited output. An attempt was made to smelt the
rock ; when this failed Mr. Hulbert leased a mill in Hancock,
bought one hundred teams of horses and proceeded to haul
the rock in wagons about thirteen miles. Such methods began
to bear their natural fruit; things went from bad to worse.
The hard, tenacious and finely subdivided conglomerate was
found to be a very different thing to mine and mill from any
rocks hitherto worked in the district. The best experts of the
day declared that the lode could not be operated at a profit,
and the enterprise threatened to end disastrously for all in-
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volved. But there was one man who insisted that it could be
made to pay, and that he could do it; this man was young
Mr. Agassiz. Finally, when affairs looked very black, the
management in Boston decided to give him his chance, and
sent him to the Peninsula to relieve Hulbert in the manage-
ment of both mines.

Mr. Agassiz reached Calumet early in March, 1867. The
camp consisted of a collection of shanties, and the so-called
hotel in which he took up his headquarters was little more
than a cabin on the edge of the forest. Mrs. Agassiz, who
joined him later, wore a pistol when she went out walking
with her little boy. When she left, the baby’s perambulator
was passed on to the younger brother of the present general
manager. Her youngest son, now at the head of the company,
was not then in existence.

In order to fully appreciate what Mr. Agassiz succeeded
in accomplishing during his residence at Calumet, it is well
to remember that the Keweenaw Peninsula was in those days
as inaccessible in summer as Alaska is today; and after the
close of navigation the region was practically cut off from the
rest of the world. For Green Bay was then the terminus
of the railroad, from where it was a trying sleigh ride of
many days to Calumet.

Mr. Agassiz found on his arrival that practically nothing
had been done to develop either mine along legitimate lines.
What little had been done had been done wrong. In one
of his earliest letters to Mr. Shaw he complained that there
seemed to be no supplies of any kind on hand except hay and
oats.

Under such trying circumstances, with many hands against
him, and looked on with distrust as an inexperienced outsider.
all things had to be started afresh, and the mistakes of the
former mismanagement corrected. The old letter books, with
their faded copies of the correspondence between Mr. Agassiz
and Mr. Shaw, reveal in some measure the gallant team-play
of the two men, as they strove against what seemed hopeless
odds to get the mines on their feet. Mr. Agassiz, with in-
sufficient means, was trying to establish order out of chaos
at Calumet; Mr. Shaw, in Boston, loaded with debts, and sad-
dled with the collapsing Huron mine, was struggling to ob-
tain funds from a community that had lost confidence in
the enterprise.. On more than one occasion they appear to
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have been on the point of being forced to give up the fight,
and sell out for what they could get. As Mr. Agassiz wrote
years afterward: “If Quin had ever known when he ‘was
beaten we should never have pulled the thing o

All day long Mr. Agassiz rushed from one place to an-
other. “The thing I drive and look after is the only thing
that goes,” he writes Mr. Shaw, “and just as fast as I pass
from one thing to another, just so fast do things move. I
ought to have had three good men instead of being com-
pelled to do all I have to do myself. There is not a thing,
down to seeing that the cars* get unloaded when they come
here with materials, which I don’t have to look after myself,
and some days I am in utter despair.” After such a strenuous
day, he would sit at his desk far into the night writing busi-
ness letters, straightening out the accounts, and planning how
best to make every cent tell. Mr. Shaw meanwhile was fi-
nancing the mines as best he could in Boston, and receiving
substantial aid from Mr. John Simpkins, for many years the
selling agent of the company.

Mr. Agassiz lived nearly two years at Calumet. During
that time he succeeded in properly reopening and equipping
two complete mines in the wilderness, besides building and
fitting out a mill at Calumet, fed by the little stream that flowed
through the village, and a similar mill at Torch Lake for
the Hecla mine. Each mill was provided with two ball heads
and the necessary foundations and provisions for installing
two more. In addition he constructed four and three-quarters
miles of railroad through the forest to Torch Lake, besides
the various connections at the mines, and dredged a com-
munication with the navigation of the Great Lakes.

By the early summer of 1868 daylight began to appear and
the endless difficulties commenced to straighten out. The
last serious setback was the cutting of the Calumet dam by
some men in the employ of Agassiz’s enemies. But by this
time the intruder from the East had won the confidence and
support of the community and a willing crew was rushed to
the repair of the dam, and all was soon running smoothly
again. By the end of the summer two prosperous little mines
were producing between them about 325 tons of ingot a month.
And before the close of navigation the conditions were such

*This refers to the cars of the C. & H. railroad to Torch Lake. There
were, of course, no outside railroad connections at that time.
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that Mr. Agassiz felt satisfied to leave the mines in charge
of Captain George Hardie.

It would be entirely outside the province of -this little
pamphlet to attempt any description of the gradual growth of
the mines from such comparatively small beginnings to the
tremendous industry that it has today become. An industry
which in some months handles the vast output of 11,000 tons
of rock a day.

Hecla paid its first dividend on December 15, 1869 and
Calumet followed suit on August §, 1870. In May, 1871, the
Calumet mine, the Hecla mine and the Portland and the Scott
Mining Companies were consolidated into the Calumet & Hec-
la Mining Company with Mr. Shaw as its first president. In
August of the same year he retired to the board of directors
and Mr. Agassiz was elected president, a position which he
held until his death in 1910. Mr. Shaw and Mr. Agassiz di-
rected the policy of the mine until a few years before the
former’s death in 19o8. As Mr. Shaw had no training as an
engineer, the development of the mine itself fell to Mr. Agas-
siz, who always visited the mine twice a year, assured himself
of the actual conditions there and the proper execution of all
the work planned.

On Captain Hardie’s retirement as general manager he
was succeeded for a short period by Mr. T. W. Buzzo, who
gave place to Mr. R. J. Wood, elected in the fall-of 1871. The
next man to fill this position, Mr. James N. Wright, served
from his appointment in May, 1873, until his resignation on
January 1, 1892. Mr. Wright was succeeded by Mr. S. B.
Whiting, who resigned in 19o1. Owing to his ill health, work
at the mine was at times directed by his assistant in charge. .
This position was filled by Mr. J. P. Channing in 1893-94,
and by Mr. S. D. Warriner from 1897 to 19o1. Mr. James
MacNaughton, the present general manager, who has grown
up with the district, was appointed in 19or1; and the man-
agement of the Boston office has fallen on the shoulders of
a younger generation.

It is impossible to give here an adequate acknowledgment
of the work of the many men who have helped to make the
Calumet & Hecla what it is today. And with full recognition
of the able and faithful services of others, it must be rec-
ognized that Alexander Aga551z s was the guiding hand that
directed the evolution of the mine.
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The growth of the Calumet mine was founded on his
policy of looking ahead to see what the conditions would be
years later, to make ready for them far in advance, and.to
keep the mine opened .up a long period ahead of the work.
For instance, the “Superior,” an engine installed in 1883, was
designed to hoist six skips, each with a capacity of four tons
of rock, from a depth of four thousand feet, and also to run
four Rand compressors. As the mine was then hoisting two
and a half ton skips from an average depth of about fifteen
hundred feet, the engine was greatly in excess of the needs of
the day, and was considered by many people a white elephant.
In 1911 it was hoisting five ton skips from a depth of six
thousand feet! :

Mr. Agassiz never hesntated to spend money freely for a
future return,-and to build not only for the coming years,
but for the next generation. A less enlightened method would
never have enabled the company to handle so economically
today such vast quantities of low grade rock as it is now
hoisting from the depths of the mine.

Such a policy naturally incurred great expense, and there
has been no little criticism in the past of the extravagant
management of the mine, by those who were unable to see
the benefits ahead. It is worth emphasizing that many of
these complaints came from the very men who had previously
declared that the Calumet conglomerate could not be worked
at a profit.

What Mr. Agassiz accomplished was in a great measure
due to his ability to handle men, to make them like and re-
spect him. And if they worked faithfully for him, it was
with the knowledge that he was working for them. For side
by side with his development of the mine he devoted his best
efforts to promote the comfort and well being of its employes.
He strove that the hospitals, doctors and schools should he
the best of their kind. He saw that there were comfortable
houses for all, he established an aid fund, and helped build
the churches. It is due to his efforts that the community is
looked on as a model today wherever intelligent men are
striving by sane methods to improve the conditions of Amer-
ican citizens. Some years ago the governor of Michigan, in
speaking of the labor conditions of the state, said that Alex-
ander Agassiz had done more than all others for humane and
reasonable conditions of life among its people.
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One of the main objects of the celebration of the fiftieth
anniversary of the opening of the mine is to endeavor in some
measure to recognize the great part that the men have played
in its successful development. The chief event is the presenta-
tion of commemoration medals to those who by long and faith-
ful service have built the Calumet & Hecla.

A few decades ago this country was an unknown forest.
. At the fiftieth birthday of Calumet we see a prosperous com-
munity of some fifty thousand souls dependent for their well-
being on a wonderfully successful mine. Such a change was
not wrought by a party of sybarites who drifted into this
district in a parlor car. It was hewn from the wilderness by
determined men, who, fighting through darkness and gloom,
forced their way into the light, brought peace and plenty to
thousands of working homes, and created one of the most
famous mines known in the history of industry.
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ELECTRICAL POWER IN MINING ON THE ME-
NOMINEE RANGE.

BY CHARLES HARGER, IRON MOUNTAIN, MICH.*

There are three large hydro-electric power developments
on the Menominee Range supplying power almost exclusively
to the iron mines. Two of these systems are owned and op-
erated by individual mining companies. The third is that of
the Peninsular Power Company, which sells its output to mines
throughout the range. All three plants are on the Menominee
river, which is on the state line between Upper Michigan and
Wisconsin.

THE PENN IRON MINING COMPANY’S PLANT.

The oldest of the three systems is that at Sturgeon Falls,
operated by the Penn Iron Mining Company, the total output
of which the Company uses in its own mines in and about
Vulcan. The equipment at the power station consists of two
water-wheel-driven generators with a total capacity of 3,500
k.w., and a steam turbo-generator of 1,500 k.w., which is used
in case of low water, ice or other difficulties at the dam, or
transmission line trouble. The Company’s entire mining equip-
ment is electrically driven. When the transfer was made from
steam to electric power, new apparatus was purchased or else
the original machines were converted to electric drive. Among
the latter are several hoists and an air compressor.

The hydraulic plant was very fully described in a paper
presented before the Lake Superior Mining Institute by
Messrs. T. W. Orbison and F. H. Armstrong in 1908. The
efficiency of this electrically driven mining machinery, with
complete data of tests, together with a full description of the
converting of the old steam equipment to electric drive, was
presented in a paper by Messrs. Wm. Kelly and F. H. Arm-
strong, at the New York meeting of the American Institute of
Mining Engineers, in February, 1914.

*Superintendent of Peninsular Power Company.
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ter-wheel-driven units of 1,100-k.w. capacity each. When
the success of electrical operation became assured, and the min-
ing companies became aware of the economy, flexibility, sim-
plicity and convenience of this kind of power, the business of
the power company increased rapidly, and, during the winter
of 1915-16, two additional units of 1,250 k.w. each were in-
stalled at Twin Falls, making a total of 5,800 k.w. available at
this station. From the small output of 25,000 k.w.-hr. in
the month of May, 1912, the load has increased to 1,600,000
k.w.-hr. in December, 1916, the peak load increasing from
200 k.w. at the beginning to 4,500 at present.

With the exception of 500 k.w. used by the cities of Iron
Mountain, Iron River, and Florence, and 50 k.w. used by the
Iron River Street Railway, all power produced is taken by
the mining industry. Power is now being delivered in vari-
ous quantities to thirteen of the large mining interests of Iron
River, Crystal Falls, Alpha, and Florence, serving twenty-one
mines. Lines are now under construction to two other mines
in the Iron Mountain district.

As the present load is more than the power available from
the water power in times of dry weather, the company has
added correspondingly to its steam plant and now has steam
turbines installed at Iron River with a total of 3,500 k.w.
capacity. During the past six months, negotiations for the
purchase and the preliminary steps in the construction of a
second water power have been rapxdly going forward, in an-’
ticipation of more business as new mines are opened or the
present steam-operated mines change to electrical equipment.
Eighteen months from now, double the present load, it is
hoped, may safely be carried by water power, except in ex-
tremely dry weather, when the steam plant, also to be enlarged,
will be put in operation.

The present high-tension transmission consists of forty
miles of 66,000-volt lines connecting the power plant at Twin
Falls with the mining districts of Iron River, Florence, and
Alpha. The line is built in duplicate and supported on steel
towers set in concrete bases. Current is delivered to the mines
from the Company’s three high-tension substations at 6,600
volts on duplicate lines also carried on steel towers. At each
mine a secondary substation is installed and maintained by
the power company, the mining company furnishing the build-
ing. The equipment at these low-tension stations consists of
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three transformers which step down the voltage of 2,200,
lightning arresters, an automatic oil circuit-breaker with the
necessary relays, and meters mounted on a panel. Power is
metered and sold to the customer at 2,200 volts. With bus
few exceptions all motors of 25 h.p. and over are of this
voltage.

A detailed description of the coriplete development was
given by Mr. C. V. Seastone, consulting engineer and vice
president of the Peninsular Power Company, in a paper pre-
sented at the New York meeting of the American Institute
of Mining Engineers, in February. 1915.

Of the twenty-one mines supplied by this company, seven

.

FIGURE 2. TURBO-GENERATOR RoOM AT IRON RIVER.

are completely electric, steam being used only for heating the
buildings. The equipment varies from 400 h.p. at the two
mines of the Florence Mining Company at Florence, to 1,400
h.p. at the Corrigan-McKinney Company’s new Odgers mine
at Crystal Falls. All compressors, pumps, hoists, crushers,
blowers, and haulage and shop machinery are driven by elec-
tric motors. With the exception of the crushers and the com-
pressors at the mines operated by the Florence Company, all
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machines are direct-connected to the motors. In the Florence
equipment, the air compressors are belted. The remaining
fourteen mines, which are only partially electric, were steam
equipped before the power company came into the field. The
cquipment which has been changed from steam to electric in
most cases consists of electric pumps and motor-generator
sets for underground haulage, in some cases of pumps or
generator sets only, and in one instance, that of the Bristol
mine at Crystal Falls, of an air compressor only. The rest
of the equipment is steam driven at.each mine.

Power CONTRACTS.

. The power company’s contracts with all mining companies
are identical, varying only in the stipulation of the minimum
charge, this being proportional to the amount of power guar-
anteed and upon the rated connected load. The rate per kilo-
watt hour is based upon the load factor of the load, ranging
from 1.49c at a 20% load factor to 0.gc at go% and above.
The one-cent rate covers a range of from 50 to 80% load fac-
tor. The load factor is determined by the use of a maximum-
demand meter registering 3-minute peaks and so connected
that the hoisting load is not registered by the demand meter.
With this arrangement a mine electrically equipped throughout
with a small amount of care and attention in operation, may
easily keep within the one-cent rate. \Where only the pump-
ing is electric, the load being fairly constant and continuous,
the low rate of 9 mills may be attained.

OPERATION.

Like all new problems, which present themselves in mining,
electric operation requires considerable study and attention on
the part of the superintendent in charge. When power is
purchased and paid for on a load factor basis, the load’ must
be carefully regulated to get the desired high load factor.
When only pumping is to be considered, careful plans should
be made in the design of the installation. As the output of an
electric pump can be varied only by by-passing the water or
by stopping and starting the pumps, either energy is wasted
in the first case, or the load factor is impaired in the latter,
if the pump is of too great capacity.

Therefore, rather than install a pump of too large capacity,
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it is more economical to put in one that will barely take care
of the water under normal conditions and have a smaller pump
to use intermittently when the sump becomes full. When an
auxiliary pump is used in this way, or in fact whenever any
auxiliary machine is used, care should be taken to open the
switch controlling the running unit before starting the auxil-
iary; this holds the peak down and keeps up the load factor.
Where a large sump is available and the amount of water
is not too great, the pumping may be done at off-peak periods,
when the compressor is idle or at light load between shifts.

FIGURE 8. AIR.COMPRESSOR AT DAVIDSON MINE.

Again care should be taken to delay starting the pump until
the load is off the compressor. This method is used very suc-
cessfully by Superintendent Ericson at the Davidson mine at
Iron River.

In the case of a new mine where water conditions are not
yet fully developed, the following plan is successfuly used by
the Verona Company: A reciprocating pump is installed of
larger capacity than the present water demands. The cylin-
ders are bushed and smaller pistons inserted. As the mine de-
velops and the water increases, the cylinders are made larger
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by changing the size of the bushings and plungers or per-
haps removing the bushings entirely and using the pump at
full capacity. At present there is being developed a pump so
designed that the length of stroke may be quickly and easily
changed to meet the above conditions. Also, without doubt,
there will shortly appear on the market a motor-driven pump
with a gear-changing arrangement similar to that of an au-
tomobile, by which the speed of the pump may be changed
without changing the motor speed. When this is done, the
electric pump will be as flexible as the old steam pump.

., As all compressors connected to this system are driven by
synchronous motors, almost ideal voltage regylation is possible’
All compressors may be blocked at one-fourth, one-half, three-
fourths, or full load. This arrangement is also taken advan-
tage of by the wide-awake supermtendent or engineer in hold-
ing his load as nearly continuous as possible.

In the matter of load regulation, a graphic or curv e-(lraw-
ing wattmeter should be a part of the switchboard equipment
in the power house of each mine. Thus the man in charge
will have a complete record of his load each day, which will
very materially help him in arranging his operation so as to
keep down the peaks and level the curve. The meter is also
a check on the power company’s demand meter. The meter
should have a chart travel of four inches to the hour. Equally
desirable is a watt-hour meter connected to each circuit feed-
ing the several machines so that the cost of operating each
unit can be computed and distributed. .The total of the several
meters is a fair check upon the main watt-hour meter of the
furnishing company. ‘

CONSTRUCTION AND INSTALLATION.

In any construction work the thought of curtailing first
cost generally predominates. In the electrification of mining
equipment, this idea should not be carried to an extreme which
does not leave the installation thorough in construction,
secured against interruption, ample in capacity, and, above
all, safe, simple, and convenient in operation. The -engine
house, containing the hoists, compressor. miotor-generator,
and switchboard, should be given thoughtful consideration
in the arrangement. The floor space taken by electrically
driven machinery is less than 50% of that required for steam
equipment of the same capacity; but the equipment should not




ELECTRICAL POWER IN MINING ° &y

be too crowded. Among the ideal power houses served by this
company are those at the Bengal mine of the Verona Comv
pany, the Homer mine of the Buffalo Steel -Company, the
Davidson mine of the Davidson Ore Mining Company, the
Berkshire mine of the Brule Mining Company, and the
Odgers mine of the Corrigan-McKinney Company.

The construction underground is of prime importance.
As the operation of a mine is primarily dependent upon the
pumping equipment, this part of the installation should be
carefully planned. A large room for the pumps should be
provided, and, as moisture is the worst enemy of an electric

FIGURE 4. ELECTRIC PUMPS AT BENGAL MINE.

motor, the room should be made as dry as possible. With
but few exceptions, all underground pump motors on this
range are, of 2,200 volts. Operators were at first apprehen-
sive about using current of this pressure underground, but
it is now almost the universal practice. ~With the modern
method of conducting the current into the mines, the danger
of injury from contact with the conductor is removed. The
most approved method is to use a 3-wire, varnished-cambric
or rubber-insulated, lead-covered, jute-wrapped, steel-armored
cable. A special form of hanger is made which securely clamps
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the steel armor without injury, so that when the cable is in
the shaft all the weight is carried by the armor. If this cable
is taken from the bus at the engine room down the shaft and
into the pump station, with no taps or other openings of the
insulation in its entire length and thoroughly protected at the
switch, there is no danger of rupturing the cable, all danger
to workmen is eliminated, and continuity of service is assured.
The most perfect of all pumping installations is found in the
great Chapin mine of the Oliver Iron Mining company. Other
first-class stations are at those before mentioned at the Bengal
and Davidson mines, and at the Tully mine of the Corrigan-
McKinney Company.

It is not the object of this paper to discuss in any detail
the type of apparatus to be used. The topic of the efficiency
and maintenance of reciprocating and centrifugal pumps has
been discussed pro and con before this and other mining as-
sociations and the writer will merely state a few observations
gathered from his contact with the engineers and mining men
connected with this power system. In the matter of cost of
power in operation, the plunger pump surely has the prefer-
ence on the Menominee Range. However, where the items
of maintenance, first cost, space required, and vibration of the
discharge column are considered, the centrifugal pump is as
usual in the lead. Also, as is generally the case, with the
higher heads and larger flows of water the centrifugal pump
is more efficient and consequently cheaper in operation than
at lower heads and smaller water volumes. This matter of
type of pump to be used is, therefore, one to be decided by
individual cases. Mr. C. E. Lawrence states that, at the Bal- |
kan mine at Alpha, where the surface was stripped to the
depth of ninety feet and much surface water kad to be handled.
it would have been next to impossible to have completed this
work on time had it not been for electrically driven centrifugal
pumps.  Several of these pumps, of small capacity, direct
connected to the motors on temporary timber foundations,
were used at various points about the pit. They were moved
about to suit conditions and kept out of the way of the drag
shovels, sometimes being moved several times each week.
When the project was started an attempt was made to handle
the water with steam pumps, but after a few feet had been
excavated, the increasing water, the caving sand and the fre-
quent moving of pump sites, so hindered the digging con-
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tractors that the steam pump was discarded and the elec-
tric pumps put in. When this was done, to use Mr. Lawrence’s
words, “there was nothing to it.”

Cost oF OPERATION.

Below is given data on the cost of current in electric pump-
ing at several mines of the Range. The rate in all cases was
one cent per kilowatt hour, as computed from information sup-
plied by the consumer. The figures are taken from actual
operations covering periods from 24 hours to 30 days.

Head Gal. Cost per
; in per £ Million
Mine. Company Operating. Ft. Min. Type o pumpFL Gal,
Bates Florence Mining Co. 470 840 Centrifugal....5.12 ct. |

Fogarty Verona Mining Co.. 368 3156 Reciprocating.4.52 ct.
Bengal Verona Mining Co.. 280 168 Reciprocating.4.62 ct.
Tully Corrigan—-McKinney. 508 1,140 Reciprocating.4.19 ct.
Davidson Davidson Mining Co 490 168 Reciprocating.4.43 ct.

The Davidson mine has a 580-gallon pump running about
seven hours each day at off-peak times.

The writer has also taken the liberty to give the computed
cost at one cent per kilowatt hour in four months’ operation
of the centrifugal pumps on the twelfth level at the Chapin
mine. The data, from which this is figured, is taken from a
communication from Mr. S. S. Rumsey to the Secretary of
the American Institute of Mining Engineers published on page
807 of the 1914 proceedings. The total number of gallons
pumped during the four months was 443,886,000 measured by
a Venturi meter, an average of 2,830 gallons per minute.
The lift was 966 feet, the amount of current used 1,938,120
kilowatt hours, the cost per million foot-gallons 4.55 cents.

It is interesting to compare these figures with the results
of an efficiency test made some time ago at one of the most
elaborate and modern steam pumping plants on the Range.
All the pumps at this plant are triple-expansion, handling
3,500 gallons of water per minute under a lift of 335 feet.
Modern water-tube boilers are used and the steam lines are
thoroughly insulated. The test was of eight hours duration
with the complete equipment in prime condition. The coal
cost alone during the test, computed at $4 per ton, amounts
approximately to the average total cost of power for the
electric pumps above. In determining the total cost of the above
pumping, certain costs will have to be added which do not
enter into the cost of electric pumping, such as boiler-room-
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labor, the maintenance of the boiler equipment, the steam line
and the steam end of the pumps, and the large overhead charge
which goes with an expensive layout of this kind.

There is no longer any question as to the economy of elec-
tric pumping. Ninety per cent. of the mining men of the Me-
nominee Range will so testify. At mines where individual
meters are not connected with each machine the saving is
plainly noticeable the first day of the operation of an elec-
trically driven pump by the decreased amount of coal used
compared with increase of current used as shown by the
power company’s meter. In a mine with the ordinary amount
of water, electric pumps can be installed, the steam pumps
being left in the mine for auxiliary or relay use, and the cost
of the new equipment will be saved within a few months.

The electric air compressor, while not as economical as the
electric pump, can be operated at a saving when used in con-
junction with the rest of the equipment. The load of an air
compressor alone is generally of low load factor, due to its
operation but part of the time and the constant friction load
when running light. However, when the whole equipment is
electric, the load factor is maintained at 50% or above.

Experience shows that hoisting by electric motors is ideal.
There are seven electric hoists in the Range which are hoist-
ing ore at an average of I.4c per thousand foot-tons. A
brakeman experienced on steam hoist soon adapts himself
to the new power without trouble. It is generally known that
higher hoisting speeds may be safely attained by electric power
than by an engine-driven hoist. This is due to the safety ap-
pliances such as the magnetic brakes and governor-controlled
automatic circuit-breakers which are used on modern electric
hoists. These safety features are recognized by the German
government in their statutes regulating speed limits of dif-
ferent types of hoisting machinery.

The economy, practicability, convenience and adaptablhty
of electricity in mines has been proved beyond the shadow of
a doubt by the mining industry of Northermn Michigan. With
a motor, which is well installed and well taken care of, there
is practically no depreciation and but little maintenance. The
greater number of the new mines in the future will be of
electric drive. With the prevailing price of coal, mining
companies in regions as far removed from the coal supply as
the Menominee Range is, may consider themselves fortunate
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if they lie within delivery distance of hydro-electric power,
with fair assurance of continuous service at a reasonable rate.

CONCLUSION.

The writer, although not a mining man, wishes in con-
clusion to give a brief description of what he considers the
ideal appearance of a mine. Upon approaching this mine
one admires the grounds. Instead of the usual soot and
smoke-covered landscape, a green lawn is noticed in which
neatly plotted flower beds are conspicuous. There is'no
smoke-stack belching forth high-priced coal, no coal dock,
no ash heap, and no exhaust steam to be seen. The inactivity
about the place leads one at first to believe the mine closed
down or abandoned, but closer observation reveals sheaves at
the top of the head-frame revolving seemingly without pawer.
Also tram cars are running out on the stock pile filled with
good red dirt, with no visible means of propulsion. Upon
entering the engine room the absence of noise is noticeable.
There is no clanking of valve gear, no hissing of steam and
no unsightly oil pans about the compressor. Instead, there
is the hum of a smooth-running motor between the high and
low-pressure cylinders cconstantly delivering the air. - The
brakeman, who is the only man in the room, touches the con-
troller and the drum of the hoist begins to roll, noiselessly
and with no other moving parts to be seen. Everything about
the room is spick-and-span, brightly painted and polished.

Underground, the conditions are no less pleasing. As we
descend in the cage, lowered by the electric hoist, bright lights
greet us at every level. On the lower level, a train of cars
loaded with ore and drawn by an electric mule is approaching
the skip pit. - As we enter the pump room we are astonished
at its appearance—instead of the usual dark, damp, steam-
reeked hole in the rock, we enter a room fit for a banquet.
The air is fresh and without the usual intense heat. Bright
lights are shining, walls are brightly painted and decorated
with pictures. Here are motor-driven pumps constantly dis-
charging to surface the much dreaded water and thus insur-
ing the profitable mining of the property.

Anyone acquainted with the Iron River district will rec-
ognize in the above description the Bengal mine, under the
general supervision of Chas. E. Lawrence, President of the
Lake Superior Mining Institute.
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REMINISCENCES OF THE DEVELOPMENT OFF THE
LAKE SUPERIOR IRON DISTRICTS.

BY JOHN M. LONGYEAR, MARQUETTE, MICH.*

I have been requested to write some reminiscences of the
development of the Lake Superior 1ron Districts, with which
I have been more or less connected, and am writing this paper
in compliance with the request of the committee.

My first acquaintance with the Lake Superior region was
in 1873, when, on the first day of June, I arrived in Mar-
quette on the steamer “Rocket”, having passed through forty
miles of ice between Grand Island and Marquette. At that
time the Lake Superior Iron district was Marquette County,
there being only one small mine just over the line in Hough-
ton County (now Baraga County), the Spurr mine.

In the'year 1873, the total shipments of iron ore were about
1,250,000 tons, and there were “calamity-howlers” who de-
plored the wasteful extravagance of shipping so much iron
"ore in one year, and ruining the market. The schooner Peli-
can had taken, during that summer, a record cargo of 1,250
tons, and there were those who protested against the attempt
to use such large vessels in the ore trade, claiming that large
vessels like the Pelican could never be made to pay on the
lakes. In view of the recent outputs of the iron ore districts
of Lake Superior and of the size of the ordinary cargoes now
carried by vessels on the Great Lakes, these figures seem
absurd, but they were taken very seriously by many well-
posted people in 1873.

Marquette was a thriving little city of about 3,000 popula-
tion, and was the only port on Lake Superior from which iron
ore was shipped. An ore dock had been built the previous
year at L’Anse, but was very little used and was demolished a
few years later.

In 1873, the upper peninsula of Michigan was an unde-
veloped wilderness and nearly all covered with a heavy growth

(*General Land Agent.)
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of standing timber. There were a few towns scattered around
the edges of the lake shore, and the manufacturing of lumber
had been inaugurated at several points. For some years rail-
ways had been in operation between Marquette and the mines
at Ishpeming, Negaunee and Champion. The Republic mine
had also been connected by rail a year or two before. The
opening up of the Republic mine had created much dissatis-
faction in some circles; their argument being that it was use-
less to build a railroad to a remote mine like the Republic,
when there was all the ore in the Ishpeming district the coun-
try could use for generations.

In 1873, the only railroads in the upper peninsula were the
lines from Marquette to L’Anse, from Negaunee to Escanaba
and Menominee, and the narrow-gauge road between Han-
cock and Calumet. Besides these there were a few short spurs
to mines. :

There were very few wagon-roads, and these generally
of the roughest character, commonly known as ‘“tote-roads.”
These generally extended only a few miles back from the lake
shore. Agriculture was considered to be an impossibility in
the Lake Superior region, and it was some years before we
begun to understand that the region had a great asset in its
agricultural land, which the many fine farms developed during
the last few years have fully demonstrated.

In visiting the undeveloped regions, the only means of
access was by walking, even pack-ponies were impossible, so
it was necessary to carry everything we used, except fuel, air
and water by packmen. The explorers, or “bush-whackers,”
as they were often called, were sometimes obliged to go fifty
or more miles in the- wilderness from any settlement, and it
was impossible to carry more than about two weeks sup-
plies in one pack-load, so short and hurried trips were the
rule. The most of the exploring was done for pine timber
only, the other varieties of timber at that time not being con-
sidered of any value. A little pioneer work was done in the
way of looking up indications of iron ore, but without much
result.

During the summer of 1873, on the Lac Vieux Desert
trail, I met one party of three inen who were going into the
wilderess to explore for gold. They had heard that gold had
been found on the head-waters of the Ontonagon river, and
they had set out to find it. The head-waters of the Ontonagon
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river probably drained a thousand square miles of territory,
practically every mile of which was covered with a dense
forest. [Evidently their undertaking was one of large dimen-
sions. I found that these men were entirely ignorant of any
knowledge of woodcraft. Their supplies consisted of about
ten pounds of soda-crackers for each man. Only one of the
party had ever seen a gold mine, and I learned that he had
chopped wood for three months for a gold-mining company
in California. That was the extent of his mining or geolog-
ical knowledge.  Our party, and these explorers also after-
wards considered that we were agents of Providence in rescu-
ing them by piloting them back to the settlements, as they
doubtless never would have found their way out of the woods
had they not chanced to meet us. They had provided them-
selves with light moccasins of the type usually sold to tourists,
which they wore like a shoe over a single light sock, and after
a few days in the woods their feet were swollen to unbeliev-
able proportions, which*swelling continued until after they left
us at Houghton, where they were unable to buy foot-gear large
enough to accommodate their feet They finally bought the
largest sized carpet slippers, split them on top and tied them on
with strings, managing in this way -to provide foot-gear in
which they could walk.

TIIE MENOMINEE IRON RANGE.

My first visit to the Menominee Iron Range was in 1874.
while I was engaged in examining the scattered tracts of state
land, known as the State Mineral Reserve; certain state lands
having been withheld from market for possible mineral values.
On the request of Governor Bagley, Mr. A. B. Wood of
Owasso, Michigan, and I were examining these lands for

the state. We left Republic in a flat-bottomed skiff, and pro--

ceeded down the Michigamme River, making numerous port-
ages and side trips to visit the reserve lands lying west of the
river. At the Grand Portage, about three miles above the
mouth of the Michigamme River, we lost our boat and the
rest of the journey was made on foot. We camped one night
at the Twin Falls on the Menominee River where the hydro-
electric station of the Peninsular Power company now is. A
tote-road had been brushed out to this point, and the tracks
of the one wagon which had penetrated that far into the wild-
erness, a few weeks before, were visible.

-7
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We saw some log camps at the explorations which after-
wards became the Vulcan and Emmett mines. At the latter,
where the village of Waucedah now is, we found a caretaker
who put in his abundant leisure raising potatoes in the clear-
ing around the camp. We were much interested in this ex-
periment, as agriculture was a new thing in the Upper Pen-
insula. We were told that there was not a furm within sixty
miles of.this camp, but the caretaker had a bushel of dead
potato-bugs he had harvested from his small field.

From Waucedah to the railroad at “42,” now Powers, we
followed a winter road through a dense cedar-swamp, the
surface of which was from six inches to three feet under
water. It was hard walking for we could not see how deep
the water was, but it was the best going there was. The route
of this road was near the present line of the Chicago and
Northwestern and the excellent highway. The swamp is
mostly cleared away and many excellent farms occupy the
greater portion of the former extensive cedar-swamp.

Iron ore had been reported in various places on the Me-
nominee Iron Range when the U. S, linear surveys were made
about 1850. Some exploring had keen done in 1868 to 1870,
but nothing of importance had been found. The early ex-
plorers had based their work and cpinions of the district on
their knowledge of the Marquette district, and it was several
years before they realized that the formations were quite dif-
ferent.

The Menominee Mining company composed of Milwaukee
and Menominee people were the first to take any practical
steps in the way of developing the district. Their first re-
quest for a branch track from the Chicago and Northwestern
Railway was refused. The railway people had consulted one
of the prominent explorers who had done some work on the
range, and he had expressed the opinion that there was not
enough ore in that district to justify building a road. The Me-
nominee Mining company insisted on having the railway, and
the officers of the mining company finally personally guar-
anteed the Chicago and Northwestern Railway company
against loss should they construct a branch about twenty-
four miles in length from Powers to the present station of
Quinnesec. Powers was then known as “42.” The branch
road was finally built in 1876-77, and my first acquaintance
with the development of the region was in 1877, during which
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time I made several visits to Quinnesec, riding on a construc-
tion train from Powers. There were no regular passenger
trains until the following year. At that time the Menominee
Mining company had camps at Waucedah, Vulcan and Quin-
nesec, and for several years Quinnesec was the terminus of
the road, and the headquarters for the extensive lumber op-
erations in that district, and all the explorers and miners en-
gaged in the development of the iron ore deposits.

In 1879, I published the first private map of the Menom-
inee Range, which then embraced Towns 39 and 40 N., Ranges
28, 29, 30 and 31 West.

The first option for an iron ore lease issued by me was
given to Hon. S. S. Curry, on the W2 of the NE4 of sec-
tion 9, T. 390 N., R. 29 W. This property had been explored
by Dr. Credner, a German geologist, working for the Canal
Company in 1868. - He had dug a trench from the bottom of
the hill, exposing the formation continuously for several hun-
dred feet. Then, to avoid the difficulties of digging among
the roots of some very large trees, he had offset to the west
about one-hundred feet, and continued his trench across the
formation, apparently exposing the entire ore-bearing belt.
Mr. Curry, looking this work over one day, wondered why
the pine trees which occasioned the cffset were so much larger
than the other timber in their vicinity, and as a preliminary
to answering this question to his own satisfaction, he applied
for and obtained the option above mentioned.

On returning to the property he set his men to work dig-
ging a pit between the trees, and within twenty minutes the
men were shoveling out a high-grade iron ore, and within two
weeks iron ore was being shipped from the property, which
was named the Curry Mine. The ore being softer than the
adjoining hard formations furnished more nourishment for
the roots of the trees, which accounted for the greater size
of the trees, and which had caused Dr. Credner to miss the
good ore altogether.

From 1878 and through the early eighties, a very large
amount of exploring was done in the Menominee district. In
1880 the railroad was extended to Florence, Wisconsin, where
two mines, the Florence and the Commonwealth had been de-
veloped, and the famous Chapin mine at Iron Mountain had
been opened. The Norway and Cyclops mines were opened
by the Menominee Mining company in 1878 and 1879, The
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Cyclops was not a large deposit but yielded a very high-grade
ore. The Norway was a large deposit of high-grade ore, but
not so high as the Cyclops.

A townsite was needed near these mines, so I platted a
piece of high rolling ground south of the railroad, forming
a very desirable site, but it took me so long to get my plat
executed by the company owning the land, that J. B. Wymer,
who owned the surface rights in the swamp just south of the
Norway mine was able to record his plat of that property, and
start his town before I was ready. A corduroy road was laid
through the wet swamp, on the main street, and buildings
were erected with foundations of cob-house piers built of
spruce poles, on which the sills of the buildings were laid. In
the summer the water beside the corduroy, and under the build-
ings was covered with a green scum, which did not seem to
trouble the inhabitants, for the town grew rapidly. The first
sale of lots in my plat was to a stranger who paid cash for
two lots near the center of the plat, and not long afterwards
I discovered that a large building had been erected on this
property to house one of the worst kind of mining-camp
dives. It required a great deal of time and considerable money
‘to rid the property of this nuisance, which effectually killed it
as a townsite.

Subsequently the great Aragon mine was found under-
lying the swamp and the townsite, so it hecame necessary to
move the town south to the site I had platted and land adjoin-
ing on the west, the present location of the thriving City of
Norway.

I think it is fortunate for the dwellers in the City of Nor-
way that ore was discovered under the former site, thus driv-
ing them into a much better place.

In 1881, I had a magnetic survey made showing the dip-
needle attractions over the iron formation from Waucedah
to the Menominee River, northwest of Iron Mountain, dis-
tance of about eighteen miles. This survey was of consider-
able service in laying out exploring work along the Range.
The line of maximum attractions being south.of the ore de-
posits made an excellent guide in planning exploring work.

My first visit to the Crystal Falls Iron District was in
1874, while examining the State Mineral Reserve lands, but
at that time I saw no indications of iron ore. I was again in
the same township (43-32) in 1877, when I noted indications
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of iron-formation southeast of the present city of Crystal
Falls. In 1877, extensive forest fires had damaged much pine
timber in this region, and I visited it for the purpose of learn-
ing the extent of the damage to our property. At this time
there were no roads or trails in that district. In crossing the
pine plains southeast of Crystal Falls near the Brule River, I
met a party of lumbermen making a tote-road north from the
Brule River to Paint River in section 28, T. 43 N., R. 32 W,,
where the lumbermen were preparing to cut and save their
damaged timber. This was the first road into the Crystal
Falls district.

In 1880 or ’81, I visited the property which afterwards
became the Mastodon Iron mine. Here, in a small swamp on
swale, I saw an outcrop of clean, hard hematite ore, rising four
or five feet above the surface of the ground, and perhaps seven-
ty-five or one hundred feet in length. Standing on the out-
crop of ore was a large dead cedar tree, which had been blazed
years before, and on the blaze was written in red chalk “Bojoo
Nitche” (Chippewa for “Good morning my friend”).

The first good ore found in the Crystal Falls district was
on the property now known as the Great Western mine. An-
other exploration was a ‘“‘chimney” of hard hematite found
beside the falls, which gave name to the city and district.
This chimney was supposed to lead to a large deposit, but it
was entirely mined out and found to be only about eighty
feet deep, and not more than twenty feet across in its largest
dimensions.

I made three trips in boats down the Michigamme river,
one in 1874, one in 1879; the last in 1880. On the last trip we
portaged the boats from the Michigamme river by Lake Mary
to the Paint river, below the Crystal Falls. This time I met
Hon. S, S. Curry in an exploring camp near the falls, and at
that time saw the pit revealing this chimney of ore.

THE GocGEBICc IRON RANGE.

United States linear surveys made about 1850 mentioned
outcroppings of iron ore on what is now known as the Go-
gebic Iron Range, in Section 7, T. 47 N., R. 45 W. The next
official reference to iron ore in that region was made in the
State Geological report in 1873, in which Brooks and Pumpel-
ly devoted two pages in describing a reconnaissance in that
region a year or two previous. Mr, Brooks told me in the
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spring of 1882, that at the time of the reconnaissance, he and
Pumpelly did not think much of the district. At the time of
their visit no Lake Superior ore was considered of value, ex-
cept the speculars and magnetites. = The furnace operators
were beginning to use the hematites and limonites in 1873,
when I made my first acquaintance in the Lake Superior dis-
trict, but they were used with much hesitation even by the
more courageous furnace operators, and the soft ores were
then derisively designated “Lake Superior mud.” ‘In 1877,
acting for the Lake Superior Ship Canal Railway & Iron
Company, I employed Mr. Frank H. Brotherton, of Escanaba,
to examine the timber and surface mineral indications in Town~
ship 47 N., Ranges 44 to 47, inclusive. I subsequently pub-
lished a map for the Canal Company, embracing the entire
west end of the peninsula, from Rangé 38 W., on which the
Iron Range as laid out by Brotherton was indicated.

The excellence of Brotherton’s work is shown by the fact
that a few changes in the map have been found necessary by
the subsequent developments, and that map on a larger scale
subsequently published by the Canal Company was of immense
service in the development of the Gogebic Iron Range. Broth-
erton traced the iron formation from the Montreal river,
easterly to the center of Range 44. I had the magnetic sur-
vey finished by L. E. Paddock, a few years later, when the
formation was traced from the center of Range 44 easterly .

_across Range 43, until the magnetic. indications ceased near
the east line of ‘Range 43.

" There are several areas and lines of magnetic attractions
which I had traced in the early eighties in various portions
of the southeastern part of what is now Gogebic County. The
greater part of these magnetic formations remain unexplored.

In the winter of 1880 or 1881, I issued my first option on
the Gogebic Iron Range to William Sedgwick, of Ishpeming,
who was associated ‘with Captain “Nat” Moore, in exploring
property since known as the Colby mine, on the NE14 of Sec-
tion 16, T. 47 N., R. 46 W. 1T issued two options to Mr.
Sedgwick, covering the N5 of Section 15, now known as
the Tilden mine. .

These explorers found the ore on the Colby property, and
also that part of the ore deposit on Section 15 adjoining.

The first ore was found by them at what was afterward |
known as the Nipigon Pit, It is curious to nate that the
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first merchantable ore found on the Gogebic Range was in
what was probably the smallest deposit from which ore was
shipped, as this pit yielded only about 3,800 tons in all.

In the year 1881, the Cambria Iron Company, of John-
stown, Pa., conducted extensive explorations on the Gogebic
Range and in the vicinity of the present city of Bessemer, but
early in 1882, this Company abandoned its GGogebic explora-
tions and purchased the greater part of the mines of the Me-
nominee Iron Mining Company on the Menominee Iron Range.

In the spring of 1882, Mr. A. Lanfear Norrie took options
and explored lands in Sections 22 and 23, T. 47 N., R. 47 W.
in the present City of Ironwood. His work was in charge of
Mr. James R. Wood, an explorer of ability and experience.
Norrie’s first, or summer camp was on the Montreal River, at
the place now crossed by the bridge of the Chicago & North-
western Railway. He later built a log camp in what is now
the south part of the City of Ironwood, and this camp was
used for several years after the city was built up around it.

My first visit to the Gogebic Range was in the latter part
of August and early part of September, 1882. From Ashland
we traveled by sail boat, on Lake Superior, to the mouth of
Ironton Creek a few miles west of the mouth of Montreal
River. The explorers had built a warehouse at this point, and
a pony trail from it to the Iron Range, at what is now the

. Montreal mine; thence along the range to Sunday Lake. An-
other pony trail was made from the mouth of Black River to
the site of the present City of Bessemer.

After spending a few days at the Norrie camp, we moved
down to the camps near the southwest corner of section 18,
T. 47 N., R. 46 W., where, a day or two later, a messenger
brought us samples from the first pit bottomed in merchantable
iron ore on the property later known as the Norrie mine. This
pit was sunk at the narrowest point in the ore deposit, which
was about three miles long. At this point it was only two
and one-half feet wide. Subsequent development showed that
the ore was anywhere from one hundred to two hundred and
fifty feet in width a short distance either side of this pit.

We also spent a few days in a log camp on Section 10.
T. 47 N, R. 46 W, on the site of the present City of Bes-
semer. This camp stood near the spot now occupied by the
'Soo Line Railway station and from here we visited the ex-
plorations which were afterwards developed into the Colby
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and Tilden mines. Captain Pease, who had had charge of
the work accompanied me.

There was an old windfall about a quarter of a mile wide
and several miles in length extending from a short distance
southwest of the present City of Bessemer northeasterly. This
was grown up with raspberry bushes, etc. Near the quarter
post, between Sections 15 and 16, T. 47 N., R 46 W,, a lit-
tle patch of ground had been cleared by the explorers and
planted with potatoes in 1880 or 1881. Although no work
of cultivation or replanting was done on this potato patch,
potatoes were dug there every year for at least six years.
The snow came early enough to prevent the ground freezing,
so the potatoes reproduced themselves year after year.

This was probably the first demonstration of the farming
possibilities of that region, and was a forerunner of the many
fine farms now to be found in that vicinity.

After visiting all the pits then showing ore on the Gogebic
Range, I estimated there were at least 150,000 tons of good
ore on the Colby and adjoining properties. Dr. Rominger,
the State Geologist, in the same year had made an unsuccess-
ful attempt to reach the Gogebic Range from the east, but
only visited the then barren explorations east of Sunday Lake.
He afterwards was reported to have stated that he could carry
away all the iron ore on the Gogebic Range in his hat. In
the following year, Captain Nat Moore and others interested
in the explorations, personally conducted him to the range by
way of Ashland and showed him the pits in ore, whereupon
he became quite enthusiastic over the prospects for iron ore
in that district, and withdrew his former estimate of the
tonnage. '

My first trip to the Gogebic Iron Range occupied two
weeks of steady traveling, the greater part of the time on
foot. -

The first railroad to reach the Gogebic Range was the
Milwaukee Lake Shore & Western which was built from the
southeast to Watersmeet, Wakefield, Ironwood, etc. In 1884,
on my second trip to the Gogebic Range, I proceeded via Ap-
pleton, Wisconsin, and to the end of the rails on the Milwau-
kee Lake Shore & Western Railroad, at the site of the present
Village of Watersmeet. From this point I walked over the
right-of-way, transit-line, etc., to about the present site of
Gogebic Station, then over a trail to the camp of Peter Mitchell
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in Section 13, T. 46 N., R. 42 W, and from there by trail,
boat across Gogebic Lake, and trail to Sunday Lake and the
Montreal River.

I again visited the Gogebic Range in 1885, going to the
end of the rails, which was then about three miles southeast
of the present Village of Wakefield, and thence to the Mon-
treal River, over the right-of-way of the Milwaukee, Lake
Shore & Western Railway, afterwards purchased by and now
a part of the Chicago & Northwestern Railway. At this
time and during the two following years there was great ac-
tivity and much exploring in the Gogebic district, between the
center of Town 47-44, and a point several miles west of the
Montreal River.

In the fall of 1885, the rails had reached a point six miles
west of the Montreal River, and a trial cargo of ore was
shipped from the Colby mine, being the first shipment of iron
ore from the Gogebic range.

The railroad was finished to Ashland and ore shipments
began in 1886, since which time the shipments of ore from
the range have averaged about three million tons per year,
amply justifying the first estimates, as to the quantity of ore
on the range, made by both Dr. Rominger and myself; he
measured this quantity by his hat. I was more optimistic, and
estimated it at 150,000 toms.

At the time of my earliest visits, Gogebic L.ake probably
afforded the best black-bass fishing in the world. This was

subsequently ruined by the so-called “fish-hogs,” who would -

catch hundreds of fish in a day and throw them on the bank
to rot. This was really a misfortune to the district, for with
proper regulation, the magnificent fishing of Gogebic Lake
might still have been a prominent feature of the region. There
was also good speckled trout fishing, and I know of several
“doubles” having been taken in Gogebic Lake near the mouths
of streams, one being a bass and the other a speckled trout.

MEesaBA IRON RANGE.

Mesaba is an Indian word, meaning “Height of Land,”
and originally designated the granite range immediately north
of the present Mesaba Iron Range. There are said to be six-
teen ways of spelling the name, but I shall use only the one,
which seems to me the simplest. I had heard of iron in Min-
nesota from the time of my earliest acquaintance with the
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Lake Superior region, but the information was always quali-
fied by the statement that there was so much titanium in the
ore that it could not be worked, and was valueless. However,
in 1885 or 1886, some allusions were made to the Mesaba iron
district by Minnesota state and the United States Geologists.
In reading their reports the statement that the Mesaba forma-
tion was the equivalent of the Gogebic formation on the south
shore of Lake Superior, attracted my attention, and I then took
up the study of that region from such meager data as were
available. In 1887, in company with some associates, I lo-
cated twenty-four thousand acres of land in one entry in the
United States Land office. The earliest reports indicated that
the: Mesaba formation was very flat, dipping only about four
degrees to the south. I argued that if this formation was
the equivalent of the Gogebic, thdt the merchantable ore should
be on, or near, the footwall and that it would be possible to
reach the footwall with a thousand-foot shaft about three miles
from the outcrop. The first map of the district published by
the U. S. Geological Survey had on it a red line, indicating the
junction of quartzite and granite as far as it had been deter-
mined. This purported to show the line of this junction from
a point several miles east of the Duiuth and Iron Range Rail-
road, to and including the southeast side of what is now known
as the “Horn.” I therefore, selected all the government land -
subject to cash entry in a belt three miles wide, the entire
length of 'this red line and lying south of it.

I learned afterwards that the draftsman, in making his
map had made a serious blunder, for he started the southwest
“swing” of the formation six miles too far east. This threw
the west end of my locations nearly three miles off the real
course of the range. Thus occurred one of the narrow es-
capes I have had in achieving great things. However, mines
enough were found on the property we purchased to justify
the investment, but the results were insignificant compared
with what they might have been had the draftsman in the
U. S. Geological Survey office, placed the red line where it
belonged. '

Within a week after my entry of the twenty-four thou-
sand acres, at least one hundred thousand acres of land had
been purchased at the U. S. Land Office. These locations em-
braced the nearest government land left around our locations.

A year or so after this purchase, I made an arrangement
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with Mr. Russell M. Bennett of Minnesota, and we under-
took an extensive exploration of Mesaba iron lands, for which
we were to receive an interest in the properties, which were
lands owned by lumber companies and which had been pur-
chased for the pine timber on them. This exploration was
quite successful, and later led to the development of several
of the large mines of that district. My first personal visit
to the Mesaba Range was in March, 1891 ; the trip being made
in company with Mr. Bennett and Mr. E. J. Longyear. We
followed the tote-road from Mesaba station westerly along
the Iron Range, to the exploring camp of Frank Hibbing in
Section 14, T. 58 N.,, R. 20 W., about two miles northeast
of the present City of Chisholm, which was the end of ‘the
road. From there we went on snow shoes to our own camp
on Section 35, T. 58 N., R. 21 W., about two miles northwest
of the present City of Hlbblng From here we reached Grand
Rapids and the railroad over a tote-road.

At the time Mr. Bennett and I inaugurated our work of
exploring there was no merchantable ore known on the Me-
saba Range, and we did a large amount of exploring before
we found any. Our first “find” was a deposit which was aft-
erwards known as the Stevenson Mine.

My first exploration on the Mesaba Range was on some of
" the lands I had purchased in my twenty-four-thousand-acre
location, and was some of the first work of that kind done by
Mr. E. J. Longyear, who subsequently explored a very large
portion of the Mesaba Range. He was equipped for this
work with a diamond drill, having a rated capacity of six-
hundred feet. The site we selected for the first hole was
beside the Duluth & Iron Range Railroad, a little more than
two miles south from the footwall outcrop, this being the
nearest land we had to the footwall. Here it would be easy
to obtain fuel for the boiler, the timber of the country having
been destroyed many years before by forest fires. A hole was
bored at this point about fourteen hundred feet in depth with-
out finding the footwall. After boring a hole fourteen-hun-
dred feet deep with a six-hundred foot drill, we abandoned
this site, moving to another place looking for something easier.

In visiting the present Lake Superior iron districts with
the early development of which I have been familiar, and
now riding over the beautiful roads in an automobile, it is
difficult to imagine that these now rnearly treeless regions are
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the same districts I visited only a few years ago, in which
there were few or no trails or roads, and covered with a dense
forest. Watching this development has been full of absorbing
interest and I shall always be glad that I was able to be in it
in a way to keep me familiar with its early stages and its later
wonderful growth.
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EQUIPPING AND SINKING THE NO. 1 SHAFT AT
THE HOLMES MINE.

BY LUCIEN EATON, ISHPEMING, MICH.*

In December, 1916, The Cleveland-Cliffs Iron Company de-
cided to sink a shaft and develop the ore known to exist on
the SW14 of the SE 4 of Sec. 9, T. 47 N.. R. 27 W, in the
City of Ishpeming, Michigan. This property was named
the Holmes mine in honor of the late Jasper Holmes Sheadle,
who was vice president of the company. The Holmes mine
consists of one forty only, being surrounded on all sides by
land belonging to the Oliver Iron Mining Company.

Many difficulties arose in laying out the plant and locating
the shaft. The northeast third of the property is a rather high
diorite hill, and the remaining two-thirds are underlain by
iron formation. The south third of the forty is a swamp.
In order to provide a safe location for the shaft, and to
make connections with the Lake Superior & Ishpeming Rail-
way, the shaft was located 50 ft. from the north boundary of
the property, with its longer axis running northeast and south-
west. Five buildings were planned—a shaft house, an en-
gine house, a dry, an office, and a shop building. The shaft
house is of steel and the other buildings of light-colored brick.
The engine house, office, and dry are located on the hill south-
east of the shaft, and the shops are at the foot of the hill east
of the shaft. The trestles for stocking ore extend west and
south from the shaft house. The surface plan is shown in
Fig. 1. :

The grading for the railroad tracks and stockpiles required
the removal of 35,000 yards of earth. \What little earth was
not needed for fill was dumped along the north line of
the property. The stockpile floors were carefully smoothed
and covered with 3-in. plank. Three trestles were built for
stocking ore, and one for handling rock. No rock was

*Superintendent, The Cleveland-Cliffs Iron Co., Ishpeming District.
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dumped from this trestle, however, while the shaft was being
sunk.

On the trestles rock and three grades of ore will be handled
by two side-dump cars of §6 cu. ft. capacity each. The cars

will run out by gravity and be pulled back by a tail-rope. The
cars are fitted with roller bearings.

The shaft house is 150 ft. high, is built entirely of steel,

HOLMES MINE
SURFACE PLAN

ScALE 1750’

© GRoUND

-

A

| STOCKING

+ Grouno

except for the floors and chute and pocket linings; and weighs
approximately 340 tons.

It has pockets for handling five
grades of ore during the shipping season. The landing floor,
on which the stockpile cars run, is 40 ft. above the ground
level.

The shaft house is enclosed above the landing floor,
and is painted black. It contains two No. 6 gyratory crush-
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SINKING SHAFT AT THE HOLMES MINE III

ers, which rest on the steel framework, and one No. 8 gyratory
crusher, which is supported by a solid concrete pedestal 774
ft. high. This pedestal contains over 500 cu. yds. of con-
crete, and has a sub-base 25 ft. square. There are two sets
of skip-dumps provided. The upper dumps discharge the ore
either directly into the hopper of the No. 8 crusher, which is
intended for hard ore, or over a grizzly into the hopper of
the north No. 6 crusher, which has grooved concaves for
handling soft ore. The ore is diverted either way by a large
butterfly valve in the chute below the dump. The discharge
from the No. 8 crusher passes through a revolving screen,
the oversize from which goes to the south No. 6 crusher.
“The lower skip-dumps are intended for rock and coarse ore.
The rock is handled by the north skip, and the hard ore to
be screened by the south skip. The ore to be screened passes
through a large revolving screen with openings 7- and 3-in. in
diameter. The over-size from the 3-in. holes goes to the 7-in.
part of the screen, and the ore passing through the 7-in. holes is
elevated to the No. 6 crusher to be crushed. The oversize from
the 7-in. holes goes into the lump grade, which is sold to open-
hearth furnaces. With both the hard and the soft crushed
ore, separation can be made between the Bessemer and non-
‘Bessemer grades. All machinery is driven by electricity, which
is "delivered at the mine at 2,200 volts, alternating current,
3-phase, 60 cycles. The crushers, screens, elevator, and stock-
ing-cars are all driven by independent motors. The lower
skip-dumps, butterflies, and chute-closers are operated by air-
cylinders. A view of the shaft house is shown in Fig. 2, and
a flow-sheet is shown in Figs. 3 and 4.

The engine house is a brick building 62 ft. square, and
contains two electric hoists with 10-ft. drums, built by the
Allis-Chalmers Manufacturing Company, a 2,000-cu. ft. air-
compressor direct-connected to a synchronous motor, built by
the Laidlaw-Dunn Gordon Company, and a rotary transform-
er for supplying direct current to the electric motors under-
ground.

The office building is also of brick, and is 40 ft. square.
It contains the mine office and warehouse, and the captain’s
office and change-room. It is situated about 50 ft. east of
the engine house.

West of the engine house about 30 ft. is the dry, or change
house. It is also of brick, and is 160 ft. long and 31 ft. wide.



LAKE SUPERIOR MINING INSTITUTE '

112

yeyg sowjoH Bupjulg 4o} esnoH eys—9 ‘Bid

)
‘
H
o .

._.. ot
J

(I“‘Yiu[ e =
A H N H
i
g
) £ G
i

NOILWAI I WaNOS

-
—

o

R Y
i
Wc s -..\o
STFoTWI2
k3
- NOILYAITI 283M i
e s
E%X® yv .:Bvlhul.lu.:—‘ — 4
i e 1 I
]
AN AT
Ed
| 2
* h
“ ~ .u h
Tt 5
R 3 iR
X3 H H
A ,

Sy

Al

Ty ..l

v i




. - i o E
u v 0 - . -ﬂ
¢ v
| o .
v u
vl “ !
Vo . o u
. SR ’ _ ¥
'
3 |
o .
\4 s <
pd FSEgrgrs g R
ﬂ 3] o) By v @ -3 | -
1 aur- ' - ‘
: *
y S— 1 ;
: waTe ﬂ.a\ﬂ.b
™ b
iy :
3,
3
*>W
M. I N e
~ o svhg L
oy ;
OT=FT X
1l B i Pt Cdeid w. )
3 o
#e g !
‘ o or) o~ FELS
— ()
> i

aot.t..m\ -gS1 L 1~

ayabue; 9 W ~Fore



II.




SINKING SHAFT AT THE HOLMES MINE ) 113

It has lockers for 200 men, and is equipped with a' toilet,
a washroom, and shower baths. The north end of the build-
ing has also a hospital room for the care of injured men,
and contains a 125 h.p. locomotive boiler, which supplies steam
for heating the entire plant. :

The shop building is 107 by 25 ft., and is situated at
the foot of the hill east of the shaft. It is divided into three
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Fig. 7—Holmes MIno,'Plan of Shaft.

rooms, the carpenter shop being at the east‘end, the machine
shop in the middle and the blacksmith shop and drill-sharp-
ener shop at the west end. A plan of the shops is shown in
Fig. s.

A small coal dock with a capacity of 500 tons is situated
just west of the boiler room. This amount of coal lasts
through the winter months, A compartment is provided in
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the coal dock for Blossburg coal and for coke for the black-
smith and drill forges.

Sinking was started in January, 1915, as soon as the
location of the shaft was decided. A temporary office and
warehouse, a dry, a boiler house and an engine house were
erected north and west of the shaft, where they would not
interfere with the permanent buildings. The 125-h.p. loco-
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motive boiler, to be used later in the permanent dry, was in-
stalled in the boiler house, and two geared steam-hoists with
4-ft. drums were set up on a concrete foundation in the en-
gine house. A 6-in. air line was laid from the Cliffs Shaft.
mine, a distance of 3,500 ft., and compressed air was trans-

l Iy - 16" T Banse= 14" Lowa.
?
12'-of"
:E NOTE t= For datall of qrurtie sea Werded-Allen .
n l drawing of Holmes Mine Shefr sers

Fig. 9—Steel Shaft Bearers.

-
mitted through this line until the compressor was started at
the Holmes mine in November. A temporary shaft house
was built with material on hand, the design being such that it
interfered with none of the important members of -the steel

v =:
. 70P viEW
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Fig. 10.

shaft house, which was erected during the following sum-
mer. The erecting of the permanent shaft house did not in«
terfere with sinking operations. The temporary shaft house
was equipped with two chutes for one-ton buckets of special
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design, and had extra sheaves over the other two compart-
ments of the shaft, for convenience in handling materials.
Fig. 6 shows the design of this shaft house.

The shaft is of the standard Cleveland-Cliffs design, 10 ft.
10 in. wide and 14 ft. 10 in. long inside, with two skipways,
a cage-road and one compaftment for pipes and ladders. The
sets are made of 7-in. standard I-beams, reinforced with angle-
irons. The lathe is of 3-in. tamarack plank, and the casing
between compartments is of 2-in. tamarack plank. Split-cedar
lagging is used for blocking behind the lathe. The studdles
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Fig. 11—Dumping Chute for One-Ton Sinking Bucket. Designed by
Lucien Eaton.
(Note:—Chute is pulled down to dumping position by an air-lift, and
is raised by a counter-weight.)

are made of 6 by 6 by 14-in. angle iron. Ten-inch I-beams 16
ft. long were used for bearers at approximately 100-ft. in-
tervals. These were wedged into place with steel wedges in
hitches cut in the sides of the shaft, and the hitches were then
filled with rich concrete. As the shaft was started in gravel,
it was sunk large enough to allow concrete to be poured
outside the steel shaft-sets until the ledge was reached. The
shaft was concreted to a depth of 52 ft., and then narrowed
to fit the steel sets closely, The plan of the shaft collar and
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steel sets, and the method of attaching the bearers are shown
in Figs. 7, 8 and 9.

The sinking-buckets were specially designed so as.to dump
easily and safely, eliminating, as far as possible, the dangers
and inconveniences of the ordinary type of bucket used in
this district, which is hung below the center of gravity and is
held in a vertical position by slip-rings on the bail and pins
on the rims. The cross-heads were also of special design, be-
cause of the very slight clearance between the dump and
sheave. Views of these buckets and cross-heads are shown
in Figs. 10, 11 and 12.

The drills used in sinking were of the Jackhammer type,
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both the Sullivan DP33 and Ingersoll BCR430 drills being
used with 74-in. hexagon hollow steel and Carr bits. Ten
machines were used, all being connected by 25-ft. lengths of
I-in. hose to a special manifold. The manifold was connected
to the 3-in. air line by a 35-ft. length of 3-in. hose, this one
connection being all that was required before drilling was
started. In present practice the manifold is hung under one
bucket during drilling time, and is hoisted directly to the
shaft house with all the drills attached when the round is fin-
ished, Blasting was done by electricity, a No. 5 blasting bat-



LAKE SUPERIOR MINING INSTITUTE’

‘118

a- yorg

l—2 '~ 27+ gf—2"
2’ 207

{ AN ) / ]
L3
~o-,8 I ~o=®
% L] ‘e b
P ¢ o
] = i
—o—,6 [e5o-. €
———— |l|.||._1||.|..l.|:.T.| H-——FT —_———
\
ER 4 D-sony |
7= e el | | Eegpeosmsemp o e s el S s s S —_ ==
H |
| _
| .,, [
.'..n e
AVM dixS | AYM dINS

co.
October 30, 136,

0

SUSAPAN

LAR

Fig. 13—No. 1.

HOLMES MINE
SLEVELAND, CLIFFS
[T LITTTY

~UNDERGROUND
LAYOUT . UNDERX BOCKET

Seole "/’




119

~

{

_;;i
o] L

SINKING SHAFT AT THE HOLMES MINE

—
-

-—

=

|
—

|L N

|

e -

o —
=

o —— - ———

. Fig. 13—Layout of Underground Pocket, No. 2.



122 - LAKE SUPERIOR MINING INSTITUTE .

bonus, or $4.90 a day. The bosses receive 25¢c a day more
than the miners. This rate of pay was increased 10 per cent.
on December 15, 1916. Setting bearers is considered part
of the regular work, but cutting pump houses and plats is
not so considered, and allowance is made for this work in
calculating the bonus.

The progress made in the shaft is shown in the following
table:

Depth
Date. Sunk, Depth,
1916. Feet. Feet. Remarks.
Jan. 11 0 Started work.
Feb. 1 ....... 24 Built temporary shaft house.
March 1 . 67 Put in steel sets and concrete.
April 1 159 Three shifts started March 1st.
May 1 248 Cut pump house at 210 feet.
June 1 3711
July 1 471 Cut pump house at 455 feet.
Aug. 1 692 .
Sept. 1 712
Oct. 1 820 Cut pump house at 740 feet.
Nov. 1 967 Reached first level at 963 feet.
Dec. 1 1,025 Cut plat and pockets at first level.
1917.
Jan. 1 ...... 67 1,082 Cut plat and pockets at second
level at 1,063 feet.
Jan. 12 ...... 34 1,116 Finished skip-pit.

The progress made in October, ‘147 feet, is the record for
the Marquette Range.

In order to hasten the development of the mine, arrange-
ments were made with the Oliver Iron Mining Company to
continue to the Holmes shaft a drift which had been driven
on the 16th level of the Section 16 mine across the Holmes
mine boundary for a distance of about 1,000 feet. This drift
was turned to the north and had been driven 836 feet in rock
by the 13th of January, 1917, at which time work was stopped.
Connection was made from the shaft on January 29. The
2nd level of the Holmes mine and the 16th level of the
Section 16 mine are at the same elevation. This connection
between the two mines will greatly improve the ventilation
in both mines, and afford a safe second outlet in case of
accident.

Figs. 13 and 14 show the underground pocket and the
plan of the plats.

William Tamblin was mining captain in charge of the
shaft, and the shift bosses were Fred Prudom, Wm. Olds and
Jonas Johnson.
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To provide a suitable timber yard, five acres of land im-
mediately north of the shaft were leased from the Oliver Iron
Mining Company, and a tunnel was driver from this land
into the sidehill, a distance of 200 ft.,, reaching the shaft
30 ft. below the collar. Mine timber is unloaded from rail-
road cars on the track north of the shaft, and rolled down
the 3o-ft. epnbankment to the timber yard, the elevation of
the track making it possible to have piles about 35 ft. high.
The timber will be drawn from the.lower side of the piles,
framed, and trammed to the shaft through the tunnel. The
timber trucks will be run on the cage, taken to the proper
level, and hauled to the point of unloading by electric motor.
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CRUSHING PLAN’I‘ AT BRIER HILL SHAFT
BY FLOYD L. BURR, VULCAN MICH.*

Of late years furnace men have come to require thlat the
ore furnished them shall have been passed through a crusher,
and in consequence there are now many shafts in our Lake Su-
perior iron ore region which are equipped with crushing and
screening machinery. On account of this demand of the fur-
nace men, it was decided, early in the year 1915, to jnstall -
a crusher at the Brier Hill shaft of the Penn Iron Mining
Company’s Vulcan mines.

As often is the case in such affairs before any study of
the situation is begun, the proposition was assumed |t0 be
one of great simplicity and very moderate cost. A very lit-
tle detailed study disposed of this idea, and it was ;ﬁ;}iized
that the matter was of considerable complexity and would in-
volve a somewhat elaborate construction and correspon?mgly
considerable expense.

To understand the conditions one should take careful note
of the relative location, both horizontally and vertically, of
the shaft, its concrete. lining, the various hoisting cablgs, the
hoisting house, the skip dump, the battery. of shipping bins
or pockets, the side tracks serving the pockets, the main line
tracks and right- of-way of the C. & N. W/ railway, the ,stock—
pile ground, the tramming machinery, etc. The proximity of
the shaft to tracks and the lack of any unused headroom
should also be noted. The illustrations herewith may Help to
convey the idea of the congestion at this spot. l

This shaft is circular, 14 ft. in diameter and lined with
concrete. Down to the rock surface, some 60 ft., this lining
is' massive, being 20 ft. square outside.” The:shaft is sur-
mounted by a heavy steel headframe, the principal portion of
which is only 16 ft." 3. in.. wide; the vertical columns rest-
ing upon the concrete lining just mentioned. The structure is
94 ft. high up to principal headsheaves. On account of the

*Structural Engfneer, Penn Iron Mining Company.
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large ratio of height to base width, there is quite a marked
sway when the skip is dumped. The landing platform is 43
ft. above the ground and is formed by extension of the head-
frame to the south. A trestle leads from this platform east
to the pockets and west to the stockpile. On this platform was
the lander’s house, where the electric tramming machinery
was controlled, and on the ground under this platform is a
small house where the tramming machinery is situated. At

BRIER HILL SHAFT

only clearance distance still farther to the south are the rail-
road tracks which serve the pockets, and imimediately beyond
them the main line of the C. & N. W. railway.

The preliminary study showed that unless the mine skip
could be made to dump at a higher elevation, the ore would
have to be elevated by some auxiliary machinery either before
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or after passing through the crusher. It was proposed to build
up an extension of the headframe to carry the skip head-
sheave at a higher elevation, thus allowing the dump to be
raised and the crusher to be placed so as to receive the ore
direct from the mine skip dump and yet discharge it at an
elevation above the tram car. This proposition, however, was
soon dismissed as impractical on account of the resulting in-
stability of the headframe, the cost, the delay to production
which would be entailed by the changes in the steel work of
the headframe structure, and the difficulty of getting suitable -
foundation and building a stable structure to support the
crusher at a height of more than 50 ft. above the ground.

BRIER HILL SHAFT

Many schemes were proposed ard followed out in study.
The first scheme studied was essentially an arrangement
whereby the ore would be dumped, as in the past, from the
mine skip, fed into the crusher, and after passing the
crusher be allowed to flow into a new auxiliary skip which
would then be hoisted vertically and dumped at same elevation
as mine skip dump, thereafter being handled, as was the
practice, by tram car on the trestle to shipping pocket or stock-
pile. Following that there came a succession of plans involv-
ing bucket elevators, belt conveyor elevators, and many other
contrivances too wonderful, as well as tog numerous, to men-
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tion. But after a while the cycle was completed and we had
arrived again at the idea of an auxiliary skip conveying: the
unit of crushed ore vertically upward to a gsufficient elevation
to permit discharge into the usual tram car (locally called
“transfer car”’) on the trestle. There was also much discus-
sion and study having to do with the necessity of and ar-
rangement for screening the ore before feeding into the crush-
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storage pocket from which it may slide, at the will of the
operator, into an auxiliary skip. The skip is. then hoisted
and dumped into a second storage pocket from which it is
finally allowed to flow into the waiting transfer car.

The floor of the short chute mentioned above is so ar-
ranged that it can, upon occasion, be swung on a horizontal
axle into a vertical position, thereby allowing the falling ore
to drop into a by-pass chute below the grizzly whence it en-
ters the pocket below the crusher and escapes screening and
crushing. In ordinary operation this same by-pass chute re-
ceives the fines which pass through the grizzly and conveys
them to the pocket below the crusher.

The idea is to handle a 6-ton mine skip load of ore as a
unit, and accordingly each skip load passes separately through
crusher, pocket, skip, pocket, and car to stockpile or shipping
bin. This arrangement provides for various grades of ore.

5 GENERAL PLAN MAP

Svocn Pla

Since the mine skip has a capacity of 6 tons, the auxiliary skip
and the two pockets must likewise hold 6 tons. They are ac-
tually built so as to hold a liberal overload.

The skip is of the usual Kimberly type. It is quite heavy,
weighing 7,220 pounds. In place of the usual bail clevis and
thimble, it has-at the top two 24 in. sheave wheels around
which pass lines of 34 in. flexible steel hoisting cable. It is
counterbalanced, or overbalanced, by a balance weight travel-
ing beside it. The weight of this is 13,220 pounds. The un-
balanced portion of the load is hoisted and lowered by mecans’
of a self-contained electric hoist of decidedly novel design,
situated vertically above the skip and balance in a small en-
gine room at the top of the structure, that is about go ft.
above the ground. This hoist is an original design of F. H,
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Armstrong, mechanical engineer of the Pénn Iron Mining
Company. The use of this type of Loist in place of the stand-
ard drum-on-the-ground type makes possible the slender tow-
ering structure, as it does away entirely with the need of
backstays. Early in the study some form of geared hydraulic
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cylinder hoist was very carefully considered. The hoist is
automatic, and the operator has only to throw his switch lever
over in one direction to cause the skip to rise, dump its load
and stop, and ‘in the other direction to cause it to lower and
stop in receiving positoin at the mouth of the lower pocket,
The. skip travels about 70 ft, .
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The two pockets are provided with heavy steel gates, or
doors, hinged at the top and opened and closed by a system
of toggle bars. - The opening of the gate is done largely. by
the lateral pressure of the ore, but it is necessary to start the
opening with the lever. The closing is done, of course, against
an empty . pocket, otherwise this type of gate could not be
used. By means of small flexible steel cables, the lower pock-
et door is operated normally by one man, who is stationed in
a small room on the trestle level and who has control there of
grade signal bells rung from underground, the dumping ot
the mine skip, the starting and stopping of .the crusher motor,

Section at Elevation 493/—07,

the filling of the auxiliary skip by operation of the lower pocket
gate, the hoisting, the filling of the transfer car by operating
the gate to the upper pocket, and finally, through electrical
control of the haulage engine, the travel of the transfer car
out over the trestle to stockpile or shipping pockets. Of course,
he is provided with a telephone for any desired communica-
tion with mine or engme house.

The structure is of concrete, reinforced largely with old
steel hoisting rope. It is founded at an elevation of 5 ft.
below the ground surface and extends to an elevation of 9614
ft. above ground, having thus a total height of over 100 feet.
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The foundation conditions were far from ideal on account
of fine sand and filled ground surrounding the shaft, which
is immediately adjacent. The structural foundation is a ribbed
slab, consisting of a slab proper of 27 in. in thickness, sur-
mounted by and cast monolithically with a system of inter-
secting ribs, 30 in. wide and 33 in. high. It forms a “raft
foundation” 25 ft. wide by 31 ft. long, minus a corner 6 ft.
by 9 ft., where the shaft foundation extends into the rec-
tangle. The foundation contains about 93 cu. yds. of 1:2:4
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concrete, or 30% of the 312 cu. yds. of the whole structure,
and was cast all in one day on June 29gth, 1915. ’

Up to an elevation of 51 ft. the columns are 30 in. square,
and above that they are 24 in. and finally 18 inches. They
are not true reinforced concrete columns, since the flexible
steel cables are not capable of assisting the concrete to resist
compression. The reinforcement is there to resist tension,
due to bending strains from wind, crusher vibration, etc. The
girts are 18 in. wide and 48 in. deep where not influenced
by special considerations. Floor and roof slabs are generally
6 in. and 8 in. thick. Steel channels, projecting out of the
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concrete as cantilevered beams, serve to support stairway
flights and thin concrete landing floor slabs. The machinery
rooms are enclosed by galvanized corrugated steel sheathing
curtain walls, on a wooden framework between columns. A
steel railing guards all exposed floors and stairs. Below the
crusher level solid 6-in. and 10-in. reinforced concrete curtain
walls stiffen the structural framework and incidentally form
enclosures. Thus a very useful storage and general purpose
room is produced at the ground level. Attached to the south-
west column, at an elevation well above the trestle, is a steel
swinging crane used for handling the transfer car and for
general purposes. Situated vertically over the crusher is a
concrete cantilever which serves as a crane for handling the
crusher parts. Also being situated opposite the cantilever
work which constitutes the upper pocket, it acts as a balance
thereto, keeping the center of gravity more nearly in the
center of the structure than it would be otherwise. The hoist-
ing room at the top of the structure is entered by means of a
short stairway from the sheave floor of the older steel head-
frame.

The construction and equipment of the plant was done
entirely by the mining company’s force. Excavation was be-
gun June 7, 1915, and the ore started to go through the crush-
er November 15, 1915. The total cost of the plant on the
books was about $14,300, of which $5,850 was for purchase
and installation of machinery, and $2,200 for miscellaneous
steel work, while the rest included excavation, grading, the
concrete structure, electric light wiring, foremanship, changes
in adjacent trestle, etc. It should also be recorded that there
was- a considerable quantity of steel used which for certain
bookkeeping reasons was not charged to the job, so that in-
cluding all items the actual cost may have run close to $15,-
000.

The concrete used was mostly of the proportion 1:2:4,
but there was some 114 :2:4 used for special reasons. Some
of this extra rich concrete was used in the jipper portion of
the structure, when the weather had become cool and it was
desirable to promote rapid setting in order to crowd the date
of completion and commission. The reinforcement was most-
ly old steel rope, but there was also used some old rails and
some “Slick” deformed bars. A carloo.d of old rope was pur-
chased for the job,
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The concrete skeleton structure was cast in 17 parts, or on
17 days—June 29, July 26, July 27, July 29, July 30, July
31, August 14, August 18, August 21, September 1, Septem-
ber 4, September 15, September 17, September 24, Septem-
ber 25, September 28, September 29. The curtain walls were
cast August 10, IT and 12. The mixer used mixed a charge
of 2 sacks cement, 4 cu. ft. sand and 8 cu. ft. of rock, turn-
ing out a product of about 9 cu. ft. of mixed concrete. This
concrete was hoisted by electric winch in an automatically
dumping bucket traveling in a wooden tower, and distributed
to the forms by means of wooden launders or chutes: - The
tower was about 112 ft. high and was rendered stable by
braces to the adjacent steel headframe. Crushed rock was pro-
duced by a portable crushing and screening outfit working on
the waste rock pile at the Curry shaft, about 2,000 ft. away.
Sand was hauled from a pit only 300 ft. distant.

The construction and equipment of this plant was carried
to completion with absolutely no interference with ore pro-
duction. This condition was specified originally and influenced
the design to some extent.

The operation of the plant has been successful. In sum-
mer weather one man can easily operate it alone. In winter
there is considerable trouble by reason of ore freezing and
accumulating on the grizzly and in the various chutes. Then
two men are needed. There have been some stoppages of the -
crusher due to the congealing of the lubricating oil in cold
weather. This oil is circulated around the crusher shaft by
means of a small pump built integral with the crusher.

To those who are operating crushers there will probably
occur this question, “What about vibration?”” The crushing
machinery produces two effects, both of which may be termed
vibration. The first is a rapid vibration or jar which is no-
ticeable by placing the hand against one of the concrete col-
umns ; the second is a slower vibration, which the writer pre-
fers to call gyratory swaying. The latter is most noticeable,
of course, at the top of the structure. This swaying can be
easily seen and felt. It seems to be most pronounced when
the crusher is running empty. When the crusher receives a
load of ore the rhythm seems to be partially broken, probably
due to interference and partial neutralization of vibration
waves, ! :

. -
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NOTES ON THE CALUMET & HECLA MINE FIRE.
BY JOHN KNOX, JR., CALUMET, MICH.*

This fire is worthy of note only on account of the condi-
tions existing in connection with it, viz:

1. The fire was 4,000 feet from surface and compara-
tively close to a producing shaft from which our main pumps
were operated.

2. The shaft pillars were crushed to such an extent that
the gases had free passage through the crevices around the
fire walls. ' ,

3. It was very important to maintain production from
levels below the fire area without interfering with the fire
fighting operations.

4. The air current in the shaft carried off the smoke
and gases so that it was possible to establish a fresh air base
on the opposite side of the shaft.

On January 8th, 1916, about 9:30 p. m., fire was re-
ported in a partially caved stope about 250 feet south of No.
5 shaft on the 41st level; this stope was connected with other
caved stopes above and below. There were 400 men working
in this part of the mine at the time the general underground
fire alarm was turned in, but within thirty-five minutes all of
them were reported as checked out. The general alarm sys-
tem is perhaps worthy of note. It consists of large bleeders
on the air mains; when opened they cause a sudden loss of
pressure at all working faces. The use of the bleeders can
be readily distinguished from the gradual drop of pressure
due to shut down of the compressors; hence there are no false
alarms. A fire drill is held every sixty days, the men being
required to report at the plats ready to go to surface through

a shaft other than the one to which they are accustomed. In °

-this way there is no confusion, as each man is familiar with
the various routes all of which are marked by sign boards.
Each level is equipped with a fire wall and door located in
the shaft pillar, and a barrel of soft clay for sealing is kept
nearby. Formerly these fire walls consisted of brick or con-

*General Superintendent, Calumet & Hecla Mining Co.
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crete frames with steel doors; but, due to pressure, it has be-
come impossible to maintain masonry walls and present prac-
tice is to build wood block walls about 24 in. thick from
which the steel doors are€ suspended; as the blocks crush, the
location of the hinges can be moved to insure closing of the
door. This was the type of wall in use on the level af-
fected by the fire.

As soon as the mine rescue crews arrived on the ground,
hose and pyrene extinguishers were used in an attempt to ex-
tinguish the fire; but the smoke became so thick that the lamps
could not penetrate the fog and it was impossible to direct the
streams. As the timber burned out and caving occurred, the
operation became dangerous and it was decided to cut off the
area by means of the doors located in the shaft pillar. The
fire doors on each level above the 41st were closed and clay
applied to the joints, but the next day it became evident that
the gases were coming through crevices in the rock thirty
feet outside of the fire doors and the side walls were plas-
tered with clay in an effort to stop this leakage. As the tem-
perature increased, the doors from the 38th to the 41st levels
became so hot that clay would no longer adhere, so it be-
came a question of building a gas tight wall on each of these
levels sufficiently strong to withstand the crushing pressure.
Square timber blocks about forty-eight inches long laid in ce-
ment were selected as being the most advantageous material
because the units could be prepared on surface and sent down
as required. Before building these walls it was necessary to
pick up three feet of crushed bottom and lay a bed of cement
and clay, all of which had to be done by men using breathing
apparatus. As it was apparent the six sets of Draeger appara-
tus of the 1910 type owned by the Calumet & Hecla Mining
Company, were inadequate for the service; and as the Bureau
of Mines car was in Iowa at the time and could not reach
Calumet before January 14th, none of their apparatus was
available, six sets of Fleuss apparatus were borrowed from the
Copper Range and Quincy Mining Companies together with
five sets of Draeger apparatus of the 1914 type from the
Cleveland-Cliffs Iron Company. Mr. C. S. Stevenson and Mr.
J. H. Williams of the latter company, experts in the use and
care of breathing apparatus, volunteered their services, and
much of the success of our operations was due to their ef-
forts. The Calumet & Hecla apparatus, which had been in use
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continuously from Saturday until Wednesday, was much in
need of repairs; in fact, there were so many minor derange-
ments that it would have been impossible tc continue its use
had the distance from the fresh air base been over 150 feet.
Fortunately the Calumet & Hecla had seventy-five helmet men
holding Government certificates, and eighty-five more partially
trained in the use of breathing apparatus, so that there was
no shortage of helmet men. As fifteen minutes seemed to
be about as much as a man could stand at one time, it was
arranged to have fifteen minute working periods and thirty
minute resting periods, the men changing in place; from three
to four men were employed on a wall at one time.

On the 41st level during the building of the new wall,
which was located about three feet outside of the regular fire
door, the cumulative effect of the heat and pressure caused
the old wall to collapse exposing the helmet men to the gases
and direct heat of the fire; after a temporary stopping had
been effected, it was decided to face the new wall with cement
simply as a protection against the heat. The quickest way
being the best, the cement was wet in the sacks and laid in
against the inner face of the wall and allowed to set. This
protection proved effective and needed no attention during the
five weeks required to smother the fire.

The following notes bring out the important points as
observed by the men in charge of the various operations dur-
ing the fire.

1. ‘The conditions at this fire were ideal for the success-
ful use of mine rescue apparatus in that it was never neces-
sary to penetrate the zone of irrespirable gases for a distance
of more than 150 feet. It was necessary, in several instances,
for the wearers of machines to retreat to fresh air on ac-
count of some disarrangement of the machines yet this was
accomplished in every instance without any serious results.
It was evident, however, that should it have been necessary
to penetrate the gases for a much greater distance, the lives
of the rescue men would have been endangered in several
instances. It would seem, therefore; from the experience
gained at this fire, that while rescue apparatus may be of the
greatest value in the saving of life and property when used
within its limitations, yet these limitations are far more nar-
row than is commonly supposed by those who lack experi-
ence in their use under extreme conditions.
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2. Another lesson of value brought out by the fire was
the necessity of having at the point where the rescue appara-
tus is in operation a man of unusual ability in the adjustments,
repair and operation of the machines. It should not necessarily
be the duty of this man to actually participate in the man-
ual operations incident to the rescue operations, except in ex-
treme cases, but rather to quickly remedy any troubles which
may arise in the use of the machines, thus avoiding the neces-
sity of removing machines to the surface for trivial repairs
and adjustments. In furtherance of the work of this man it
is of the greatest importance that all machines which are sent
to the surface for major repairs, or for recharging shall be
returned to him in perfect working order and fully charged.
This involves the necessxty of havmg a man on surface who is
an expert in the repair and maintenance of machines. It is
important that this surface man have adequate assistance for
his work as well as comfortable and well lighted quarters
with hot and cold water within easy reach, for his work is
no less important than that of the man who is in charge of
the actual rescue operations underground.

3. It was proven to be very desirable to have an intelli-
gent man, who is thoroughly acquainted with the mine and
the surface thereof, whose duty it 1s to receive orders from
the rescue force and promptly procure and deliver the sup-
plies desired. Without the proper man for this service great
confusion results from the misunderstanding, or perhaps for-
getting of the orders of the underground force, the delivery
of insufficient amounts of materials and the delivery of ma-
terials to the ,wrong places. This man should insist that all
work, such as the sawing of timbers to proper lengths, or
the thawing of clay, be done on the surface in order to ex-
pedite the underground operations.

4. Two makes of rescue apparatus, the Draeger and
Fleuss Proto, were in use at this fire. Two models of the
Draeger were used, the 1910 and the 1914, the latter being
equipped with the by-pass valve and mouth breathing attach-
ments. Both the Draeger 1914 model and the Fleuss gave
excellent results, but, as might be expected, in some particu-
lars one model excelled while in other particulars the advan-
tage was with the other.

The old 1910 type Draeger machines gave good service dur-
ing the early stages of the fire when neither of the other types
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were available, except in two particulars, that of the helmet or .
face mask, the air cushions of which wers subject to leaks,
and. the inability to secure an additional supply of air quickly
due to the absence of a by-pass valve. This machine should
undoubtedly be considered an obsolete type. :

-The 1914 model Draeger gave aimost perfect service. Five
of these machines were in continuous use for a period of 72
hours without a single machine being taken to the surface for
repairs, adjustments or recharging. These machines were
equipped with both helmets and the mouth breathing attach-
ments, the preference of the men being largely in favor of
the mouth breathing attachment. This machine had the ad-
vantage over the Fleuss machine in that it could be recharged
underground thus making it possible to keep them in con-
tinuous operation. Another advantage noted in the use of this
machine was at the time when a temporary bulkhead on the
41st level blew out due to the pressure of the heated gas and
smoke behind it; here it was necessary for the men to replace
the bulkhead under the most extreme conditions of heat and
gases, the heat being so great that they could continue the
work for no longer than five minutes at a time. Working
under these conditions the respiratory air became insufferably
hot due to the rapid chemical change in the regenerating car-
tridge. This condition was remedied by inserting at frequent
intervals a fresh and cool regenerating cartridge. The cost
of the cans so used may appeal to some as being extravagant,
yet it was after all insignificant when compared to the prop-
erty at stake. The same heating of the regenerating material
would, of course, occur in the Fleuss machine under similar
conditions but due to length of time and the difficulty in-
volved in recharging the regenerating material it would have
been necessary under similar conditions to have breathed over-
heated air, or perhaps to have had a. great number of ma-
chmes in operation.

5. The Fleuss machine demonstrated that it has a very
definite advantage in the cost of operation. Furthermore it
was proven that in case the standard brand of caustic soda
is exhausted that thé ordinary commercial grade, which in
most places can be procured locally, may be used with com-
plete success. It may as well be said of the Fleuss machine
that it was less liable to disorder than the Draeger.

One disadvantage noted in the operation of the Fleuss ma-



146 LAKE SUPERIOR MINING INSTITUTE

chine was in the matter of the “freezing” or setting of the
caustic soda in the bag after use. At times the men engaged
in the actual apparatus work were on duty 15 minutes with
a 30 minute rest between working periods. During this rest
period the caustic soda would in some cases “freeze” so sol-
idly that it was thought dangerous to re-use the machine,
which involved sending the machine to the surface where the
bag could be freed of the mass by the use of hot water.

6. One small item, but perhaps worthy of note, was the
persistent use of dust respirators by shaft men at the time of
the fire; these are of no value in a gaseous atmosphere, yet
to the untrained man they give a false sense of security and
consequently in several instances men using them ventured too
far which resulted in their incapacity for at least the remainder
of the shift. They should be barred from the danger zone at
all mine fires.

7. As to the character of the gases in which the helmet
men were compelled to work, this may be best judged by the
statement that at one point where the gases were not thought
to be especially bad, a canary bird died in three minutes.

8. The magnitude of the operations can best be judged by
the number of machines in actual use; at one time there were
25 in use with five in reserve on surface.

9. The rescue work was carried on in places where the
common miners’ carbide lamp would not burn. The common
two and three cell Ever-Ready flash light was used with com-
plete success and no rescue equipment should be considered at
all complete without an adequate supply of these electric lights.
Two large “King” fire chief electric lights were used and
gave excellent satisfaction while their charge lasted ; they were
especially good where the smoke and gases filled the air but
they have the disadvantage of being difficult to recharge.

10. The fire proved the wisdom of having in and about
the mines a number of men who have been previously trained
in the use of rescue apparatus. The men so trained by the
Calumet & Hecla gave splendid service and their skill in the
use of these machines made it possible to control the fire with-
out serious loss of property which undoubtedly, but for them,
would have reached the shaft and in this event the loss would
of course have been serious.
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BLASTING EXPLOSIVES AND THEIR ACCESSORIES
BY CHARLES S. HURTER, WILMINGTON, DELAWARE.¥

In compiling this paper the writer has endeavored to give
a clear understanding of the nature of blasting explosives
and their accessories. While technicalities have been avoided,
as far as possible, it is only intended for those who have the
knowledge of chemistry that goes with an engineer’s education
and for those who have had practical experience in the use of
explosives. It is based on a study of the principal technical
works and treatises on explosives including Berthelot, Gutt-
man, de Kalb, Walke, the reports of His Majesty’s Inspectors
of Explosives (English), the publications of the United States
Bureau of Mines and on the writer’s own investigations and
practical experience. An attempt has been made to select from
all these sources all that is pertinent to our subject in its ap-
plicability to the explosives in general use. It has not been
found practical to give each authority full credit for the ma-
terial taken from his works, but the writer gladly acknowledges
his deep indebtedness to all of them. Hgqwever, he in par-

ticular wishes to express his appreciation of the kindness of
Mr. R. L. Oliver, of the California Cap Company, who re-
viewed the entire paper and wrote the section on detonators.

Explosives are classified in several ways, that is either
according to the effect they produce, the purpose for which
used, or to their constitution.

The customary way is to speak of them as “High Ex-
plosives” and “Low Explosives.” Those in which the chem-
ical transformation is so very rapid that its effect, when they
are detonated by blasting caps, is a violent local and shattering
one, are considered High Explosives; those in which the trans-
mission of the chemical action proceeds comparatively slowly

*Technical Representative, Hercules Powder Co., Wilmington, Del.
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through the mass, when simply ignited by a spark, and the
effect produced is a heaving or propelling one, are classified
as Low Explosives.

No hard and fast line can be drawn between the two;
dynamites are characterized as High Explosives, while Black
Powder is a type of Low Explosives. Practically all sporting
and ammunition powders belong to the low explosive class.
Heavy ordnance frequently contains both classes: low explo-
sives being always used to propel the projectile out of the
cannon, but the projectile itself, if it is to contain a bursting
charge, is loaded either with a high or low explosive as re-
quired. For instance, if a disruptive effect is desired, it con-
tains a high explosive charge; if on the other hand, a driving
or spreading effect is wanted, as in the case of shrapnel, a low
explosive is employed.

Fulminate of Mercury, and mixtures, such as are common-
ly used in detomators, in which this substance is the base,
some authorities classify in a separate group called “Fulminat-
ing Explosives,” implying that they are extremely sensitive
to friction, percussion or simple ignition and have a violent
local effect. Their action being an extreme instance of rapid
chemical transformation they are consequently a very high
explosive. Nitrogen Iodide, Silver Oxallate, Nitrogen Sul-
phide and others, too sensitive and dangerous to consider, are
also included in the category of fulminating explosives.

The constitution of explosives is sometimes used for ar-
riving at a basis of classification, as in the case of mechan-
ical compounds. Low explosives are thus classified as “Me-
chanical Mixtures,” of which black powder may be taken as an
example. It comprises combustible bodies and a supporter
of combustion brought into very close contact by means of
mechanical mixing. The explosive action takes place by rap-
id process of oxidation, or combustion set in motion by means
of a hot spark or flame. The particles composing the dif-
ferent substances in the mixture react upon each other and
propogate their explosion from one group of particles to the
next and so on throughout the entire mass. An explosion so
prduced is necessarily relatively slow.

As a contrast to this, the action of high explosives when
detonated by a blasting cap or other medium communicating
an initial shock, consists principally of a violent dissassocia-
tion of chemical compounds followed by an intense oxidizing
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action. The elements that make up the principal commercial
high explosive are all in definite -chemical combination con-
stituting definite molecules of uniform compesition held to-
gether by a relatively feeble attraction. A shock will over-
come the bonds which hold these elements together thus free-
ing them instantly to react upon each other, and so to produce
large volume of gases genérating’ great heat. This reaction
takes place with such rapidity and energy that it creates a
strong explosive effect. The reaction thus started will be con-
tinued throughout the entire mass, and if the initial shock
be provided through the medium of a suitable detonator cal-
culated to effect complete reaction in an infinitesimal fraction
- of time, an effect of particular violence is obtained, which is
called “Detonation.”

This subject of detonation is a broad one and will be dis-
cussed later on in this article in connection with priming
charges and conditions suitable to obtain the most effective
results with the various types of explosives in commercial
use. It is deemed expedient to study the characteristics of the
various explosives first.

BrAck BLASTING POWDER.

“A” Blasting Powder (Nitre) is made’ from Potassium
Nitrate, Charcoal and Sulphur, in the approximate proportions
of 75, 15 and 10. It is used mainly for blasting hard d:men-
sion stone and for work in damp climates.

“B” Blasting Powder (Soda) is made from Nitrate of
Soda, Charcoal and Sulphur in the approximate proportions of
72, 16 and 12. Because of its lower cost, “B”’ powder is more
commonly used than “A” powder, and “B” is sufficiently strong
for most of the purposes for which blasting powder is used.

, Theoretically, “B” Blasting Powder should be a little

stronger than “A” Blasting Powder on account of the higher
oxygen content of Nitrate of Soda, (Nitrate of Soda, 56.4%
Oxygen; Nitrate of Potash 47.5% Oxygen) which allows the
use of a greater percentage of combustible material, but by
actual tests the “A’” powders shoot a little stronger. This
is the opposite from the dynamites, where the insoluble in-
gredients form sufficient protection against the action of mois-
ture to cause the “Soda Dope” explosives-to shoot stronger
* than the more expensive varieties containing Nitrate of Potash.
The formula of Black Blasting Powder does not provide
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for complete combustion as it has been found that, when it
is made up to accomplish this, the powder is not so strong
because the increased temperature does not make up for the
smaller amount of gas formed than is the case when the gases
contain both carbon dioxide (CO,) and Carbon mon-oxide
(CO) instead of Carbon dioxide alone. The formula used
is the result of practical tests to obtain the greatest efficiency
and not from calculations from a standpoint of chemical reac-
tions.

Important Propertics—Black Blasting powder is not made
in different strengths like dynamite, but varies in quickness
depending upon the size of the grains. Classes A and B are
furnished in different granulations. “A” Blasting is made in
the following granulations: C, F, FF, FFF, FFFF,
FFFFF, FFFFFF, and FFFFFFF, but the sizes most com-
monly used are C, F, FF and FFF. “B” Blasting Powder sizes
are CCC, CC, C, F, FF, FFF, and FFFF. The CCC grains
which represent the largest size, are about one inch and a half
in diameter, and the FFFF grains the smallest, are about 1/16
inch in diameter. The finer granulations are much quicker than
the coarse and are used for blasting rock, refractory materials
and coking coals. The coarser granulations are slow and
are used for other coals, earth work and shales or wherever
it is desirable to heave out material in large pieces instead
of shattering it. Most manufacturers make a special granula-
tion of “B” Blasting Powder for large blasts called RR. This
consists of a mixture of FF, FFF and FFFF grains designed
to fill the spaces between the large grains with small ones
and thus obtain a compact concentrated load. The load is
about 10% denser with the RR granulation than with any sin-
gle size.

Practically all the Blasting Powder sold in this country
is glazed (polished). This is a coating of graphite which
offers a little resistance to moisture and makes the powder
free running, thus giving a better load, but aside from this
it adds nothing to the efficiency of the powder.

The specific gravity of Black Blasting Powder varies from
1.5 to 1.9, usually being about 1.8. High specific gravity re-
sults from compressing the powder to smaller bulk with con-
sequent reduction of air spaces of the individual grain. Black
Powder is unaffected by cold, but has little resistance to wa-
ter, since the nitre is readily soluble.
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NITROGLYCERIN.
(Berthelot and Willis A. Hill).

The chemical formula for nitroglycerin is C;Hy; (NO;),.
Its specific gravity at 60° F. is 1.599. Its weight per quart
at 60° F. is 3 pounds 5 1/3 ounces. The freezing point is
46.4° F. It is very soluble in alcohol or ether but only slight-
ly soluble in water. It is poisonous. The action of solar
light causes the decomposition of nitroglycerin, as well as
that of nitric compounds in general. This is the reason why
dynamite should never be thawed by placing it in the warm
sunlight.

Submittted to the action of heat, nitroglycerin is volatilized
to an appreciable extent, especially toward 212° F; it may
even be completely distilled, if this temperature be long main-
tained, but if the temperature be suddenly raised to about 392°
F., nitroglycerin ignites and a little above it explodes with
great violence. Also, perfectly pure nitroglycerin will not stand
a temperature of 212° F. for more than a few hours without
decomposition and possibly explosion.

Its inflammation, caused by contact with an 1gmted body,
gives rise to nitrous vapor and a complex reaction, with the
production of a yellow flame without explosion, properly so-
called, at least as long as small quantities of matter are op-
erated upon, but if the mass be too great, it burns in layers
until the lower body arrives at a temperature of 392° F., which
is the exploding point.

One kilogram of Nitroglycerin should give 1135 litres of
gaseous products The temperature of detonation of nitro-
glycerin is 3005° C, or 5441° F. The quantity of energy
given off by 1 kilogram is 6050.48 kilogrammeters; by one
pound 19850.58 foot pounds. The per cent. by weight of
products of detonation are by analysis:

Carbonic acid ............... CO, 57.6
Oxygen ...... coovvvvnnnnnn 0, 2y
Nitrogen ........... ....... N, 18.8
Water ............ ........H,0 20.7

99.8

The specific heat of liquid nitroglycerin is 0.4248.
The latent heat of frozen nitroglycerin (latent heat of fu-
sion) is 33.5 calories, .
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Thoroughly washed nitroglycerin does not lose its strength
with age.

On freezing, nitroglycerin expands 10/121 of its entire
volume which is greater than any other liquid.

DYNAMITE.

The different types of high explosives used for blasting
vary widely in their properties. Some are exceedingly quick,
some relatively slow, and others are intermediate in quickness.
Different types of explosives also vary in density from the
heavy gelatins to some of the coal mine powders, which are
very light. High explosives are graded according to their
strengths compared on a weight for weight basis with the
straight nitroglycerin dynamites, which are the only type con-
taining the actual percentages of nitroglycerin as designated.
The other types make up their strengths by the use of such
explosive substances as organic nitrosubstitution compounds,
explosive salts and guncotton.

The high explosives used for blasting in the United States
are divided into three popular classes: Straight Dynamite,
Ammonia or so-called “Extra” Dynamite, and Gelatin.

The First Dynamite that appeared on the market was com-
posed of 75% nitroglycerin and 25% of an infusorial earth
called kieselguhg, The kieselguhr being an inactive substance,
consumes some of the strength of the nitroglycerin and de-
tracts from its sensitiveness. The result is that the 75%
kieselguhr dynamite is only about as strong as the Amer-
ican 40% dynamite, and kieselguhr dynamite containing less
than 40% of nitroglycerin cannot be exploded at all by or-
dinary means.

Another of the earliest absorbants used for nitroglycerin
was sawdust. It was from this that the American Dynamite
of the present day was evolved. Theoretically, when nitro-
glycerin is detonated, 2.7% of the gases liberated is free oxy-
gen, which enabled the sawdust absorbant dynamites to show
slightly greater strengths than the corresponding kieselguhr
dynamites. The present American straight dynamites are
made up with a dope of nitrate of soda and wood meal, having
proportions designed to bring about complete combustion
through a complete balance of the chemical reactions which
take place on detonation.

The Straight Dynamites containing only mtroglycenn, ni-
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trate of soda, wood meal and antacid are taken as standards
because they are the oldest, simplest and best known type of
high explosives in the United States. They are more or less
pulpy and easily crumbled when the wrappers are removed.
Straight dynamite can be manufactured in strength from 1214
to 75%. However, 15% is the lowest practical limit and
strengths above 60% are banned by the Bureau for the Safe
Transportation of Explosives Rule prohibiting the acceptance
by railroads of explosives contammg more than 60% of nitro-
glycerin in a liquid form as it is in the straight dynamites.

Straight dynamites are suitable for use requiring strength
and quickness when the water conditions are not too severe.
The fumes from them are the worst of the three classes of
dynamite. The weaker grades, however, give off less dele-
terious gases than the strong. The straight dynamites are
very easily ignited by flame or sparks such as might issue
from the sides of defective or the cheaper grades of fuse.
Therefore, considerable care must be taken in the making and
placing of primers when using straight dynamites for blast-
ing.

Ammoma Dynamites—By replacing approxlmately half of
the nitroglycerin of the straight dynamites with nitrate of am-
monia, another series of explosives has been created having
the same strengths as the straight dynamites, but possessing
certain distinguishing characteristics that make them very val-
uable for certain classes of work. _

The ammonia dynamites have a somewhat slower action
because they contain less nitroglycerin than the correspond-
ing grades of straight dynamite, The fumes are much less
obnoxious than those of the straight dynamites and they are
practically as good as those from the gelatins which will be
described later. The ammonia dynamites are the most diffi-
cult of any of the ordmary high explosives to ignite. It is
practically impossible to ignite ammonia dynamite from the
side spitting of fuse. A strong blasting cap must be used as a
detonator.

The solubility of nitrate of ammonia affects the water re-
sisting qualities of this type of dynamite but they are brought
back to a resistance almost equal to the sraight dynamites by
coating the nitrate of ammonia with petrolatum and dipping
the cartridges, after filling, in melted paraffin to seal them irom
the effects of moisture,
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Gelatin Dynamites—Alfred Nogel discovered in the course
of his research work with explosive compounds .that some
of the lower grades of guncotton could be dissolved in nitro-
glycerin, forming a waterproof jelly that is slightly stronger
than nitroglycerin. This jelly is the base of the present gela-
tins or gelatin dynamites. It also forms an impervious pro-
tection to the soluble ingredients against water.

The gelatins are distinguished by their plasticity, high den-
sity, imperviousness to water and comparative freedom of
their explosive products from obnoxious fumes. When de-
tonated by means of a blasting cap, their action is much slower
than the straight or ammonia dynamites, but this deficiency
is largely overcome by the concentrated load due to their den-
sity and plasticity. On the other hand, a quickness about
10% stronger than the corresponding grades of straight dy- .
namite may be effected by detonating the gelatins with a
primer of very strong nitroglycerin dynamite or blasting gela-
tin.

The gelatins are the densest of the high explosives which
fact makes them very valuable for tight blasting where a con-
centrated charge is desired at the bottom of the holes. The
fumes are superior to those from both the straight and am-
monia dynamites. Being very nearly water proof in the low-
er and perfectly waterproof in the higher grades, the gelatins
are best adapted for use in extremely wet work and submarine
blasting.

Granular dynamites form a class that can be considered
as the connecting link between blasting powder and dynamite.
They are known as Judson Powders and Low Powders. This
class consists of a series of explosives containing small per-
centages of nitroglycerin with a dope designed to allow the
nitroglycerin to exert its full explosive effect. The dope con-
sists of hard impervious grains composed of sulphur, nitrate
of soda and high grade blacksmith coal melted together and
broken up to a size about the same as FFFF blasting powder.
The nitroglycerin is present as a coating on the grains and
is held between them. The lowest grade known as RRP con-

tains 5% of the nitroglycerin while 20% represents the maxi-
mum amount of nitroglycerin than can be held between the
grains of the dope. The RRP should have a primer of 40%
or stronger dynamite in proportion of at least one pound of
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dynamite to 25 pounds of RRP. Ten per cent. and higher
strengths can be fired by means of blasting caps. '

The RRP is generally packed in 1214 pound bags, four
bags to the case. It is free running and can be easily poured
into sprung holes, etc.

These granular dynamites are valuable for blasting in open
work that is comparatively dry and where black blasting pow-
der is not quick or strong enough. They are not recom-
mended for underground work on account of their fumes.
They are very inflammable and when shot by cap and fuse
care should be taken not to allow the fuse to come in con-
tact with the powder. The 10% and higher grades are packed
in cartridges the same as dynamite.

PERMISSIBLE EXPLOSIVES.

The subject of Permissible Explosives and their tests has
been so thoroughly covered in the publications of the United
States Bureau of Mines that the writer does not consider it
necessary to take up this subject in detail. The two principal
classes, as far as practical results are concerned, are the nitro--
glycerin and the nitrate of ammonia permissibles.

There is a limit to the strength of permissible explosives.
The regular dynamites have two sources of strength, the vol-
ume of gas given off and the temperature of explosion which
adds to their expansive force. In the permissible explosives
the formulae are designed to keep the explosion temperature
as low as possible and consequently no permissible explosive
has ever been manufactured that will do the work of high
grade dynamite. '

The nitroglycerin class is simply nitroglycerin dynamites
containing an excess of wood meal or other carbonaceous mat-
ter. In them the object is to burn the carbon to carbonic oxide
(CO) instead of carbon dioxide (CO,). In short, their tem-
perature of detonation and amount of flame is reduced by
applying the principle of incomplete combustion. These ex-
plosives can be graded in different strengths below a 35%
dynamite. They are the best for work too wet to allow the
use of the ammonium nitrate class.

The ammonium nitrate permissible explosives, according
to their name, have ammonium nitrate as their principal in-
gredient. Ammonium nitrate, as an explosive ingredient, has
the advantage of being composed of entirely gaseous ingred-
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ients, namely, Nitrogen, Hydrogen and Oxygen. and conse-
quently there is no loss due to the formation of a solid residue
as is the case with sodium nitrate. Ammonium nitrate, in an
explosive, has a' very small oxidizing actlon This can be
expressed as follows:
NH NO;=2H,0+4N,+0
Gaseous Gas Gas _
In comparison with this the explosive reaction of nitrate of
soda is as follows:-
2Na NO;,_Na,O+N2+50
Solid Gas Gas

In other words nitrate of ammonia as an. explosive has

only 40% of the oxidizing power of nitrate of soda, conse-
quently the carbonaceous matter required is 60% less which re-
sults in the smallest possible heat producmg reaction. Also a
large amount ‘of heat is absorbed in the production of the wa-
ter in the gaseous form. Therefore, the principles involved in
the manufacture of ammonium nitrate- permissibles are the
small but complete combustion and the latent heat of steam.
In this manner the presence of deleterious gases after explo-
sion is avoided.

Ammonium . nitrate permissibles being bulky, a shipping
case averages about one-third more cartridges of a given size
than is contained in the same weights of dynamite. A 50-
pound case of dynamite averages about 100 carmdges 114x8,
ammonium nitrate perm1551bles 135. The result is that while
wclght for weight, ammonium nitrate permlsSIbles are equal
in strength to a 60% dynamite, cartridge for cartrldge, they

correspond to a 30% to 35% dynamite. The quickest varie-

ties are the strongest.

The most successful ammonium nitrate permissibles con-
tain about 10% of nitroglycerin as a sensitizer. With the ex-
ception of the slowest varieties they can be used when frozen,
provided the priming cartridge is loosened up enough by roll-
ing, to permit the proper placing of the detonator.

The fact that each cartridge of the quickest ammonium
nitrate permissibles is equal to the same sized cartridge of 35%
dynamite has been taken advantage of by a large number of
users of explosives other than coal miners. They are being
used in a large number of metal mines, quarries and all kinds
of open work, where the water conditions are not too severe,

R
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with more economical results than could be obtained with
30% to 40% dynamite.

There are a few permissible explosives which do not be-
‘long to the above mentioned classes. Most of these use salts
-contanmng large percentages of water of crystallization. The
vaporization of this water while it reduces the flame and ex-
‘plosion temperature also cuts down the strength of the ex-
plosive and reduces its sensitiveness. One example of this
"was an explosive on sale 10.or 15 years ago, containing 40%
of nitroglycerin and so much alum that its streng'th was only
sequal to a 15% dynamite. This type of explosive is only man-
~ufactured where the demand is sufficient, to meet spec1a1 con-
. dltxons where a weak exploswe can be used.

Low FREEZING DYNAMITE.

- Ordinary nitroglycerin dynamite freezes at temperatures
between 45° and 50° Fahrenheit. There are a number of
nitrosubstitution organic compounds, such as nitrotoluene, ni-
- trobenzol, etc:, that, when dissolved ‘in nitroglycerin, have the
-effect of lowering its freezing point in the same manner that
-salt' lowers the freezing point of water. The first low freezing
dynamites, and similar explosives, made use of this principle
exclusively. - They would not freeze at temperatures above 32°
Fahrenheit. Since that time the freezing temperature has been
-further reduced by some secret manufacturing -processes .that
the manufacturers are unwilling to divulge. The first low
- freezing explosives had a peculiar aromatic odor that was
very noticeable, but during the last few years this. has been
~avolded. - :

The present low freezing explosives will not freeze until
after water freezes. In addition to being low freezing they
"are also slow freezing, that is, after their freezing point has
“been ‘reached, it may take anywhere from sev efal days to a
~mor1th for them to become hard. -

No definite freezmg temperature can be given for these
explosives. It'is variable over which the manufacturer has
.no_control. Sometimes they will remain soft for. a long time
‘at a temperature of zero Fahrenheit, while another lot will
congeal at a higher temperature. All that can be said defi-
nitely is- that low freezing explosives will not freeze until
after water freezes.
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DETONATORS.
BY R. L. OLIVER.

In practice, the detonation of high explosive$ is accom-
plished by means of an intermediate agent that will produce a
violent impulse embodying both shock and heat.

Fulminate of mercury forms the basis of most of the com-
mercial detonator charges. According to Berthelot, the impulse
from fulminate of mercury is quicker and more intense for
a given volume than that of any other substance used for pro-
ducing detonation. This is explained by the suddenness of
its decomposition, together with the extraordinary magnitude
of the pressure which it would develop when detonating in its
own volume. This is given as 2,600 atmospheres or 38,220
pounds per square inch. Other fulminating explosives in con-
junction with fulminate of mercury have been employed in
commercial detonators during the past decade with very sat-
isfactory results, and these will be discussed in another part
of this paper.

The action which takes place between a fulminating de-
tonator and the blasting charge to be detonated depends more
or less on the strength of the initial pressures, on the sudden-
ness of their development and the relative stability of the
compounds used to make up the explosive, which, in turn,
regulates the ease by which the shock is communicated to the
rest of the mass. That is to say, the action which takes place
depends on the conditions which regulate the energy trans-
formed into heat in a given time on the first layers of the
explosive substance reached by the detonator.

The quantity of energy thus transformed depends, there-
fore, both on the quickness of the shock and the amount of
work it is capable of performing. This gives us two con-
ditions which vary with each explosive substance to be de-
tonated. Thus the most suitable priming mixtures and com-
pounds are not always those in which the explosion is quickest.
For instance, nitrogen chloride and nitrogen iodide are not as
strong primers as fulminate of mercury although they are
much quicker in their explosive action.

The chemical reaction that takes place on the detonation
of fulminate of mercury is expressed as follows:

Hg C, N, O,=2 CO+N,+Hg

According to this equation, only carbon monoxide, nitro-

gen and mercury vapor are formed. One only of these is a




BLASTING EXPLOSIVES AND THEIR ACCESSORIES 153

compound; it is stable and not susceptible of dissociation.
Moreover, the total heat of decomposition is disengaged at
once and the gases are produced without the occurrence, dur-
ing cooling, of any progressive recombination that would tend
to moderate their expansion and diminish the violence of the
first shock. The condensation of mercury vapor can be dis-
regarded as this only takes place at temperatures below 680°
Fahrenheit.

Mixtures of fulminate of mercury with other compounds
are made with the object of increasing its sensitiveness to
ignition and also for increasing its expansion to extend its
effectiveness; detonating in its own volume, as it does, the
effect of straight fulminate is too local. The compound most
commonly used for the above purpose is chlorate of potash.
The decomposition of chlorate of potash into potassium chlor-
ide and oxygen liberates heat and the conversion of carbon
monoxide into carbon dioxide also generates heat, the effect
of which increases the pressure of the gases formed and also
intensifies the chemical reaction on the explosive to be de-
tonated. This oxidation being a secondary reaction retards
the velocity of the fulminate somewhat, but heat as well as
suddenness of shock being a contributing element of detona-
tion, it has been shown to be advantageous to use mixtures
of fulminate with other ingredients where the great gain in
heat and expansive qualities more than counterbalance the ren-
dering of the fulminate itself any less sudden in its action, the
resultant effect being an intensely violent explosive impulse
or wave. ’

The chemical reaction involving fulminate of mercury and
chlorate of potash for the complete combustion of their pro-
ducts, is expressed according to the following equation:

3 Hg C; N, O,+2 KCI O3=6 CO,+3Hg+2KCI4-6N

852.12 245.2

At the detonation temperatures of fulminate of mercury
the oxides of mercury cannot exist.

According to this reaction 852.12 parts of fulminate of
mercury are mixed with 245.2 parts by weight of chlorate of
potash to bring about complete combustion. This proportion
can be expressed as 78% fulminate and 22% of chlorate. The
mixtures in use have varied from 9go% of fulminate of mer-
cury with 10% chlorate of potash to 80% fulminate with 20%
chlorate.
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The Bureau of Mines, after exhaustive tests, recently
showed that the 80/20 mixture created a more violent impulse
than either the 9o/10 mixture, or even, straight fulminate,
which confirms the writer’s foregoing explanation of the ele-
ments contributing to an effective initial detonating impulse.

It has also been shown beyond question of doubt, by the
Bureau of Mines and other investigators, that certain nitro-
substitution compounds such as nitrovene, trinitrotoluol,
tetranitromethylanalin, tetranitroanalin, and nitromannite, each
with a small quantity of fulminate-chlorate mixture as a prim-
er in a reinforced capsule, make more efficient detonators than
fulminate and chlorate alone for modern dynamites that con-
tain mixtures of nitrosubstitution compounds, with or with-
out nitroglycerin, such as the ammonia dynamites, gelatins,
low freezing and permissible explosives.

These dynamites containing nitrosubstitution compounds
are less sensitive, hence harder to detonate than straight nitro-
glycerin dynamites. The fulminating nitrosubstitution deton-
ators, being of lighter specific gravity than the fulminate-chlor-
ate mixtures explode with the liberation of more heat and in
a larger volume, thus distributing their initial shock over larger
area of the dynamite primer. The detonating wave thereby
created, although applied less locally, acts more violently upon
the mass to be detonated, and inasmuch as the detonator that
produces the best results is what counts most in practice,
regardless of what it contains, these composition detonators
are being received with favor.

FusE.

The English Explosives Act of 1875 contains the follow-
ing:
“The term ‘Safety Fuse’ means a fuse for blasting which
burns and does not explode, and which does not contain its
own means of ignition and which is of such strength and con-
struction and contains an explosive of such quantity that the
burning of such fuse will not communicate laterally with other
like fuses.”

The body of the fuse, or base upon which all grades are
built, with few exceptions, consists of ten strands of jute thread
wound round a core of fine grained potash black powder. The
powder is fed through a funnel at the same rate that the jute
threads are spun into the cord. In order to prevent the pow-
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der from clogging the point of the funnel, a fine cotton thread,
known as the core thread, is fed through the funnel and into
the core.of the fuse. This core thread can be found in the
powder train, of all fuses, but it has absoultely no effect on
the burning speed of the fuse.

To the jute centre the first layer of waterproofing ma-

terial is added, on this base the fuse is built up as desired.
The waterproofing compounds used are tar, asphalt and gutta
percha. These substances are all very efficient; their draw-
backs are that tar and asphalt harden and become brittle in
cold weather. Gutta percha, unless protected from direct con-
tact with the air, oxidizes rapidly.
- From the jute centre the fuse may be built up by the use
of tape windings, making single, double or triple tape fuses as
the case may be. The tape fuses, as a rule, have tar or as-
phalt for waterproofing. The jute centre again may be wound
. with fine cords jmpregnated with gutta percha. The cord
winding is known as countering and when countered fuse is
referred to it means a fuse that is made up of cord wound
layers.

The principal dxfferences hetween. the tape and count.ered
fuses are that the tape.fuses will stand more abrasion.and
scraping, but are very liable to break when hent sharply and in
cold weather they become hard and brittle. The countered
fuses are more pliable and do not beccome hard in cold weather.

CriMPING BrastinGg CAprs oON Fusk.

This operation should be done only by means of an ap-
proved tool made especially for this purpose and known as a
cap crimper. The fuse should be cut square and placed in
the cap so that it barely touches the charge. Then fasten the
cap firmly on the fuse by pinching it close to the open end
with the crimper. With the broad type of crimper such as is
recommended by . most manufacturers, the crimp should in-
clude the edge of the open end of the cap.

This crimp is not air tight. After a large amount of ex-
perimental work, several years ago, the leading powder com-
"panies produced a crimper that made an absolutely air and
water tight crimp. This was followed by a number of com-
plaints of misfires which at first could not be explained.

One of the principal fuse manufacturers made the follow-
ing experiment: A piece of dentist’s sheet rubber was fast-
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ened air-tight on one end of a 3 ft. length of fuse. Shortly
after the other end of the fuse was ignited the rubber began
to swell, and before the fire had gotten within eight or nine
inches of this end of the fuse, the pressure was sufficient to
burst the rubber.

One of the powder companies followed this up with an-
other experiment. Some special blasting caps were made up
with one grain of fulminate loaded in a No. 8 shell (214 inches
in length). Some fuse previously tested to show a strong end
spit was also used. An air-tight crimper and a broad type were
used. The fuses were crimped at varying distances from the
charge and as soon as the fuse, which was fastened with the
air-tight crimp, was moved back to a position not in
close contact with the charge, misfires began to occur. With
the broad type, while it is recommended that the end of the
fuse be close to the cap charge, no misfires occurred, the flash
extending the entire length of the capsule when the fuse had
only enough length in the shell to permit crimping. To sum
up, these experiments showed conculsively that when fuse burns
some of the gases proceed ahead of the fire through the jute
spinning threads which form the inner body of the fuses. Also
that when an air-tight crimp is made these gases may develop
a pressure inside the blasting cap that will not only prevent the
flash or end spit of the fuse from coming out into the cap,
but force it back through the fuse. Therefore, a vent must be
provided for the escape of these gases and thus allow the full

end flash of the fuse to blow into the blasting cap and ex-
plode it.

In wet work some protection must be provided to prevent
the entrance of water until the gas pressure is sufficient for this
purpose. The fuse companies manufacture a compound for
this purpose. Some use P. B. paint by dipping the caps, after
crimping, in the paint and allowing them to dry. It has been
found that hard cup grease, such as Albany No. 3, paraffin wax,
(Sunshine) and tallow are good for this purpose, but on the
other hand soft grease, engine oil, cylinder oil, mineral grease,
vaseline, etc., are liable to strike through the fuse and mjure
the powder train if left standing.

There is also on the market a special cap protector, that
consists of a length of pure rubber tubing of the proper diam-
eter to make a tight fit over the joint between the cap and
fuse. These come rolled on a stick in such a manner that they
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can be easily transferred to a blasting cap and straightened
out after the fuse has been inserted and the cap crimped in
place.

SENSITIVENESS T0O DETONATION.

The sensitiveness of explosive substance to detonation de-
pends upon the relative stability of the ingredients, the tem-
perature of the explosive and the modes of propagation of
the explosive reactions. Thus, for example, silver oxallate de-
tonates at about 266° Fahrenheit, nitrogen sulphide at about’
405°, and fulminate of mercury at about 374°. Never-
theless, fulminate of mercury is more sensitive to friction
than either nitrogen sulphide or oxallate of silver. There-
fore, it can be said that special properties, depending on the
chemical structure of each substance, particularly in solids,
favor decomposition under given circumstances.

There are also some general conditions which affect the
sensitiveness of commercial high explosives to detonation. The
sensitiveness of any explosive substance increases with the
initial temperature at which the explosive reaction begins; or
in other words, its sensitiveness to detonation becomes greater
as the temperature is approached at which the body com-
mences to decompose spontaneously. The explanation of this -
is that the heat liberated by the explosive reaction proper un-
dergoes less loss by radiation, therefore, a greater weight of
the non-decomposed substance is raised to the desired tem-
perature at the beginning of the explosive reaction. These
facts, especially that in regard to the temperature of the. ex-
plosives, can be considered as some of the primary causes of
accidents in the thawing of nitroglycerin explosives, when they
are allowed to become overheated by carelessness or the use
of improper methods of thawing. :

The sensitiveness to detonation of an explosive substance
will be rendered still greater if this temperature limit is ex-
ceeded; that is, if conditions prevail under which a slow de-
composition may be transformed by the least shock or addi-
tional heating, into a rapid decomposition. A substance taken
at a point near or above this limit may be considered to be
in a state of chemical tension.

Sensitiveness to detonation also depends on the quantity
of heat liberated by decomposition. That is to say, that all
other things being equal, the explosive substance that liber-
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ates the most heat is most sensitive to detonation. To go
into detail one can easily conceive that if, with an explosive
that generates a large amount of heat, a small portion is
brought to the temperature of detonation, it will communi-
cate the explosive reaction throughout the entire mass much
quicker and more completely than would be the case of an
explosive that liberates a small amount of heat.

The same quantity of heat will produce different effects
on the same weight of matter, according to the heat conduc-
tivity of this matter. For instance, chlorate of potash, whose
specific heat is 0.202, is a better conductor of heat than ni-
trate of potash whose specific heat is 0.239. Thus chlorate
powders should be and are more sensitive than nitrate pow-
ders. This together with the lower temperature of decom-
position of potassium chlorate and the fact that chlorate of
potash by itself gives off oxygen and liberates heat at the
' same time, renders chlorate powders extremely dangerous,
‘they being liable to spontaneous explosion at any time.

The structure of an explosive also has an effect on its sen-
sitiveness. In the explosives containing mtroglycerm in a
liquid form the principle of the mcompressxbﬂlty of liquids
plays a very important part in their sensitiveness. The fact
-that liquids cannot be compressed especially under the quick
severe shock of fulminate of mercury, the inertia of liquids
causes them to act more like solids and in thus repelling the
impulse of the fulminate, each succeeding particle of the ex-
plosive liquid becomes detonated. The larger the percentage
of liquid nitroglycerin’ the closer the nitroglycerin particles
will be together, the detonation will be propagated easier, and
therefore the sensitiveness of the higher per cent. strength
nitroglycerin dynamites is correspondingly greater.

On the other hand, blasting gelatin which is a rubber-
-like mass made by dissolving nitro-cotton in nitroglycerin,
has a certain amount of give and can be compressed. In order
to overcome this, a stronger detonator must be used to ex-
plode blasting gelatin and the other gelatins than is the case
with the straight dynamites which contain liquid nitroglycerin.
In fact, this deadening action.due to the compressibility of
the gelatin is such that it is impossible to make a gelatin of
less than 35% strength that is sufficiently reliable to be de-
tonated at all times.

The gelatins show a vcry mterestmg combination of ex-

e
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plosive substances which increases the heat and consequent-
ly the strength of the respective explosives used in their man-
ufacture. Roux and Serrau give the relative strengths as
follows: Nitroglycerine 1Q; conipressed guncotton 6.5. In
the gases from detonated nitroglycerin there is, theoretically,
2.7% free oxygen. In the gases from detonated guncotton,
there is 49.3% of carbon mornoxide. (CO) By balancing the
oxygen deficiency, of the guntotton by means of the oxygen
excess in the nitroglycerin, the extra héat units gained by pro-
ducing complete combustion make the resultmg blasting gel-
atin stronger than pure ‘nitroglycerih.

In the ammonia dynamites, the sensitiveness is also les-
sened because of the reduction of the liquid mtroglycenn in
contents in order to allow the use of the very stable nitrate
of ammonia. Hence, fothing less than a No. 6 detonator
should be used. to explode either gelatin or ammonia dy-
namite. This rulé is*'made compulsory by law in the Eur-
opean countries. T he' U S Bureau of Mines hea'rtlly récomi-
mends it.

The No. 6 detonator contains 1 gram (I 5 .4 grains) of a
mixture made up of 80% fulminate Of mercury and 20%
chlorate of potash, or of other mgredlents Wthh shall produce
detonatmg qualities equal to tﬁe fOregdmg

Compressed guncotton is’ less cbmpact than nltroglvcerm
owing to its structure. The presenice of spaces, however min-
ute, causes the pressure due to ‘shock to become sensibly at-
tcnuated. Guncotton as it contains these spaces is, therefore,
more difficult to explodé than nitroglycerin. Nitroglycerin is
exploded by the fall of small weight. from a given helght onto
an anvil; or by a very small weight of fulminate priming; or
by the use of a primer charged with guncotton; whereas
guncotton cannot be exploded by the drop of a weight, nor
under the influence of nitroglycerin. It requires a very strong
fulminate detonator to explode guncotton.

This principle of cushioning applies to the high explosives
made up entirely of solid ingredients such as those with a base
of either guncotton, trinitrotoluol, or nitrostarch. The spaces
between the particles of these powders act as cushions and
prevent the impulse of detonation from being communicated
through them as easily as in the straight or ammonia or
even the gelatin dynamites. Therefore nothing less than a
No. 8 detonator should be used with this class of éxplosives
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which constitutes the bulk of non-freezing high explosives on
the market at the present time.

Fifteen to 20% of water can be added to cellulose dy-
namite, rendering it insensible to_ the shock of a rifle bullet
without depriving it of the property of being exploded by
means of a strong blasting cap. When dynamite is in this
condition nitroglycerin is exuded at the slightest pressure.
Dynamite containing water is very greatly weakened as part
of the heat of ‘detonation, depending directly on the propor-
tion of water mixed with the dynamite, is lost by the con-
version of this water into vapor. This consumption of heat
means a reduced expansion of gases and consequently a de
crease in explosive strength.

Nitroglycerin, if it becomes ignited by some other means
such as the side spitting of fuse just before the explosion
of the fulminate detonator is less susceptible to the influence
of the detonator. The advance burning of the nitroglycerin
produces a void which prevents the fulminate from doing its
work properly. The absence of immediate contact between
a fulminate detonator and the dynamite in a priming car-
tridge is prejudicial against good detonation for the same rea-
son, the shock being partly deadened by the interposed air.

The sensitiveness to the action of a detonator is greater
in dynamite containing liquid nitroglycerin than in that con-
taining frozen nitroglycerin.  When nitroglycerin solidifies,
like a large number of compounds, it crystallizes and thus
tends to exclude all foreign matter in obeyance of the laws
of crystallization. Accordingly, when dynamite freezes, the
nitroglycerin tends to separate from the dope and, to this ab-
sence of homogeneity, Berthelot lays the reason for the in-
sensitiveness of frozen dynamite. If dynamite is thawed slow-
ly at a temperature not exceeding 80° to 85° Fahrenheit the
mtroglycerm will be reabsorbed in the dope as perfcctly as
it was originally.

DETONATION.

In the discussion of the detonation of explosives from a
technical standpoint, the chemical reactions and physical phe-
nomena that take place when explosives are completely and
incompletely detonated, grade into one another in such a man-
ner that it is hardly possible to treat these subjects entirely
under separate headings.
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Berthelot claims that there is no line of demarcation between
“Explosions” of the blasting powder order and “Detonation”
of high explosives, but that they represent the two limits of a
wide range of explosive phenomena.

When an explosive substance is detonated in its own vol-
ume, the maximum of temperature and pressure, and conse-
quently the maximum speed of the chemical reactions involved,
is attained; that is, the total heat possible to be developed in
the reaction is obtained at the instant that the energy of the
explosion is exerted on the surrounding medium.

* DeKalb says that in no case is detonation absolutely per-
fect under ordinary conditions, but this perfection is ap-
proached more closely according to the concentration of the
explosive impulse due to good confinement.

Some experiments made by the Western Australian Gov-
ernment Commission and described in the English ‘“Blue Book”
of 1905, showed that the tamping of charges has a very marked
effect on the proper detonation of the explosive used. When
boreholes are tamped carelessly or when no tamping is used,
the lack of confinement apparently causes a small part of the
explosive to be detonated incompletely and consequently more
offensive fumes are given off than when the charge is tamped
properly.

Technical Paper No. 17 (The Effect of Steaming on the
Efficiency of Explosives) of the United States Bureau of Mines
describes experiments showing the gain in the work accom-
plished when dynamite is tamped. This varies from about
35% with the quick to over 0% with the slow acting explo-
sives. The effect of tamping on fumes after blasting by the
Western Australian Commission shows that the actual violence
of the explosion is greater when the charge is tamped than
when none is used.

As already mentioned, detonation is produced commonly
in practice by means of a very sudden impulse, in which heat
plays an important additional but secondary part. The gases
formed at the point where the shock is first produced have not
time to become displaced, so to speak, and in repelling the sud-
den blow, they immediately communicate their energy to the
parts of the explosives in immediate contact. The action is
thus propagated from particle to particle throughout the en-
tire mass so intensely as to maintain in it a veritable explo-
sive wave. :
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As a contrast to this, progressive combustion transmits
itself step by step throughout the mass under conditions in
which the cooling, due to conductivity by contact with the en-
closing medium, lowers the temperature sometimes to the low-
est degree compatible with the continuance of the reaction.

In regard to the effects of shock on nitroglycerin, it is
sufficient to admit that the pressures, resulting from the shock
administered on the surface of nitroglycerin, are too sudden in
their action to distribute themselves uniformly throughout the
entire mass. Consequently the transformation of energy into
heat takes place, more especially in the first layers reached by
the shock. If this shock be of sufficient violence, the first lay-
ers may be suddenly raised to a temperature about 392° Fah-
renheit, which will cause them to be decomposed immediately,
producing a great quantity of gases at a high temperature.
This production of gas is so sudden that the adjacent particles
of exploswes have not time to be displaced and this. sudden
expansion of the gases produces a second shock, possibly more
violent than the first on the layers of explosive situated below.
The energy of this new shock is transformed into heat in the
layers which it next reaches and thus causes their explosion.

This alternation between a shock developing an energy,
which becomes changed into heat and which raises the tem-
perature of the heated layers up to the degree of a new ex-
plosion capable of reproducing the shock and heat phenomena,
transmits the reaction into the mass of the explosive a distance
commensurate with “a” the intensity of the initial shock from
the detonator and “b” the sensitiveness of the explosive to
propagate its detonation thenceforth. Thus the propagation
of the explosive action takes place by virtue of phenomena com-
parable to those which gives rise to a sound wave. The ex-
plosive wave is like the sound wave also in that the more
intense the initial detonation produced the further it travels;
and the greater the resistance, i. e. the more insensitive the
explosive is, the sooner its detonation stops.

A true explosive wave is produced with a speed incompar-
ably greater than that of simple inflammation effected under
conditions which allow the gases to expand freely as they are
produced.

The detonating wave travels with the greatest speed and
to the greatést distance in cartridge of large diameter up to a
certain limit. One and three-quarters inches appears to be
the diameter beyond which the ease of detonation of dynamite
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is no longer sensibly increased. With cartridges of smaller
diameter it is possible to decrease the size to a point where
the explosive can no longer be propagated throughout the
charge. As the ammonia dynamites and gelatins came into
favor, supplanting the straight dynamites, it became neces-
_sary to abandon the manufacture of explosives having a car-
tridge diameter of less than 78 of one inch. There are quite
a few of the dry ingredient high explosives that cannot be
used in cartridges having diameters of less than 174 or 11
-due to their relative insensitiveness.

The reaction induced by a given shock in an explosive
substance is propagated with a rapidity which depends on the
intensity of this shock, because the energy of the first shock
transformed into heat determines the intensity of the first
explosion, and consequently the intensity of the entire series
of consecutive effects.

The intensity of the first shock may vary considerably ac-
cording to the mode in which it is produced. It follows then
that the explosion of a solid or liquid mass may be developed
according to an infinte number of different reactions, each of
which is determined by the original impulse. The more vio-
lent the initial impulse the more sudden will be the induced
decomposition and the greater will be the pressure generated
during the entire course of the entire decomposition. One
single explosive may, therefore, give rise to the most diverse
effects according to the method of its ignition.

These facts show the great importance of using suitable
detonators in practice. In fact, Bichel strongly advises the
use of a large excess of fulminate or other detonating in-
gredients at all times in order to overcome any bad effects
due to possible moisture getting into the detonator, and also
to the possibility of the detonator becoming loosened in the
primer or being drawn away from it. Also enough extra
fulminating mixture should be employed to insure the explo-
sion of the dynamite cartridges in a blasting charge under
adverse conditions of moisture, coldness, age, irregularities
in tamping and air chambers between cartridges in charging
bore holes, etc. '

MEeTHODS OF PREPARING DYNAMITE PRIMERS.

In regard to the making of dynamite primers, the accom-
panying sketch shows several methods that are in fairly
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common use. Those marked A, B and C are considered to
be good practice, as the blasting caps are not buried deeply in
the powder and there is a minimum amount of fuse in actual
contact with the explosive.

In methods A and B the blasting cap is inserted in the side
of the cartridge and pointed diagonally downward; the fuse
being tied firmly to the cartridge. These methods are about
as safe as any for loading, as there is a small quantity of dy-
namite that acts as a cushion between the tamping stick and
the blasting cap. Method B allows a little firmer tying of
the fuse than method A.

‘Method C is the one recommended for wet work in par-
ticular and for holes where the cartridges fit tight enough to
crowd out the fuse. This style of primer takes longer to
make than the others but with care and the application of a
little tallow or hard grease, this primer should be able to
stand water from 15 minutes to half an hour and is espe-’
cially recommended for wet work.

One of the greatest difficulties experienced in the manu-
facture of safety fuse is to make a fuse that does not spit
fire from its side while burning. This is the cause of most
of the burnt charges when the primers are made or placed so
that considerable length of fuse is in contact with the ex-
plosive, as shown in the sketch at D, E and F.

The danger of trouble from the improper making of prlm-
er depends a great deal on the kind of explosive and the qual-
ity of fuse used. Methods A, B and C are considered safest
and best for all conditions.

On the other hand the method of making primers as il-
lustrated by D where the fuse is laced through the cartridges
is no doubt the most common method in use.

Methods D and E are fairly safe with gelatins provided
triple tape of a very high grade of gutta percha fuse is used.
Methods D and E should never be used with straight dyna-
mites, but with ammonia dynamites they are perfectly safe as
it is impossible to ignite ammonia dynamite by the spit from
any ordnary fuse.

Method F is to be avoided at all times as the sharp bend
is liable to open the fuse so that water, if present, will cause a
misfire. Also a sharp bend like this-is liable to break the
powder train and either cause the cap to misfire or the opened
fuse might ignite the charge below the cap and form a gaseous
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cushion that would prevent the cap from detonating the ex-:
plosive. Sharp bends in the fuse are always to be avoided in
making primers or in the loading of holes.

In making primers great care should be taken that no part
of the blasting cap projects from the outside of the cartridge.
A large number of- bad accidents have occurred due to the
scraping of the blasting cap in an improperly made primer on
the sides of the borehole.

The Western Australian Commission made a large num-
ber of experiments with straight dynamite. They. state that
a great deal of trouble in regard to powder burning and mak-
ing bad fumes is caused simply by burying blastmg caps and
fuse too deeply in the priming cartridges.

The definition of safety fuse according to the Enghsh-

“Explosives Act of 1875" is as follows:
« “The term ‘Safety Fuse’ means a fuse for blasting which
burns and does not explode, and which does not contain ‘its
own means of ignition and which is of 'such strength and’
construction and contains an explosive of such quantity that
the burning of such fuse will not communicate laterally with
other like fuses.”

In connection with this it may be easy to conceive that
while a fuse may spit fire through its covering with an in-
tensity that will not ignite a similar fuse placed beside it, this
fire might easily ignite any powder with which it may be m
contact.

With electric blasting caps the exploder may be placed
either at the end or side of a ca.rtridge. Care should be taken
not to bend the wires sharply in any direction, owing to the
danger of breaking the insulation, causing grounds, short cir-
cuits, and consequently misfires. The wires should be bound
firmly to the cartridge by means of string, so that the electric
blasting cap will not be displaced in loading or tamping. A
great deal of trouble with misfires has been caused by taking
hitches about the priming cartridges with the lead wires of an
electric blasting cap or by bending them at sharp angles.

PosiTioN oF PRIMER IN BOREHOLE.

When blasts are fired by means of blasting caps-and fuse,
there is quite a little controversy in some sections of the coun=
try in regard to the proper posmon in the charge for the
primer. As far as the actual execution is concerned the po-
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sition of the primer cuts no figure whatsoever except that it
is best to have the ‘detonator pointing toward the center of
the charge. On the other hand the position of the primer
is governed almost entirely by the kind of explosive and the
quality of fuse used.

With the straight dynamites, owing to the great danger
of igniting them, the primer should always be placed at the
top of the charge. With the uninflammable ammonia dyna-
mite it can be placed anywhere in the charge. With the
gelatins the primer can be placed anywhere with small danger
of ignition provided a very high quality of fuse is used.

The breaking qualities of the ground ‘occasionally deter-
mine the placing of the primers. In the country east of the
Rocky Mountains the common rule is to place the primer at
the top of the charge, then leave enough room on top of
the tamping to allow for the coiling of the excess of fuse.

In the Western States the general rule is to place the
primer either at the bottom of the hole or just above the
bottom cartridge. The miners in that section of the country
state that if they should place the primer at the top of the
charge the first holes would almost invariably blow the col-
lars from some of the others cutting off the fuse, causing
misfires and spoiling the round. By placing the primers at
the bottom of the holes the fuses are all burning at a safe dis-
tance. inside the collars when the first charges explode. The
exploswe most commonly used in that section of the country
is gelatin and to lower the possibility of burnt charges to the
greatest extent, nothing but the highest quality of gutta per-
cha fuse is used. In regard to the priming of large charges,
it might be well to mention that Monro says that it is essential
to observe that explosive material does not detonate because
it transmits the explosive wave, but on the contrary, because
it arrests it. This means that a certain amount of the force of
the original impulse is consumed, as the explosion progresses,
by breaking the bonds that hold the explosive compound to-
gether. The amount of energy lost depends on the stability
of the explosive compounds, the ease with which the explosive
wave is transmitted and the presence of any interstices between
the particles of the explosive substance. The rate of propaga-
tion of an explosive wave in a given substance increases with
the density of the loading.

In the blasting of deep holes where the charges are of
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considerable length, the weakening of the explosive wave can
sometimes be noticed by the failure of the charges to break
bottom cleanly. In order to keep the explosive wave at a
maximum, the common practice, in deep holes, is to use sev-
eral strong blasting caps imbedded not over five feet apart in
the charge, as well as some extra electric blasting caps. These
shots are best fired from a power current with the electric
blasting caps connected in parallel. The caps will then all
fire simultaneously and thus serve the purpose of keeping the
energy of the explosive wave up to its maximum throughout
the charge. The having of more than one detonator in a
hole is an extra precaution and can be considered in the na-
ture of insurance against loss due to possible misfires or in-
complete detonation of the long charge.

INCOMPLETE DETONATION.

According to the method employed for ignition, dynamite
may be either slowly decomposed without ignition; or it may
be burned briskly; or give rise to a moderate explosion ca-
pable of dislocating rocks or even locally crushing them; or
it may be detonated to produce the most violent effects.

Dynamite made of pure ingredients undergoes practically
no change when submitted to a temperature of 212° Fahren-
heit for one hour. Heated rapidly it takes fire a little below
392° Fahrenheit the same as nitroglycerin. If ignited it burns
slowly without exploding, but if enclosed in a space with
resisting walls, it explodes under the influence of heating.
The same thing takes place sometimes in the inflammation
of a large amount of unconfined dynamite, owing to the
progressive heating of the interior parts, which brings the
entire mass to the temperature of spontaneous ignition.

As already mentioned, Berthelot states that combustion
and detonation represent the two extreme limits of an almost
infinite number of explosive reactions. Between these two
limits an entire series of intermediate reactions are observed.
The unlimited number of these reactions is demonstrated by
the effects of the various methods of inflaming dynamite.
This can also be shown by the influence of sufficiently strong
tamping which can convert a simple inflammation into a true
detonation.

This variety of phenomena is due to two orders of causes,
_one being mechanical and the other more particularly chem-
ical.
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From a mechanical point of view it is conceivable that
between the two limits of progressive combustion and de-
tonation, intermediate modes of decomposition may be pro-
duced, according to circumstances. That is, when combustion
takes place, the local conditions surrounding the explosive sub-
stance, such as confinement, etc., have a direct influence with
which this combustion may be changed into a true detonation.

The chemical phenomena also may vary according to the
conditions under which the reaction may be brought about.
. In the detonation of explosive compounds it is essential
that complete combustion should take place. This does not
necessarily occur in slow inflammation, effected at low tem-
peratures, in which incomplete reactions may at first take
place. Thus, when dynamites and other explosive compounds,
which have a complete “balance of formula,” are burned or
incompletely detonated, the oxides of nitrogen and carbon
monoxide are given off in amounts which vary according
to the heat developed by the reaction or reactions involved.,
In the proper detonation of these same explosives the gases
would contain only nitrogen and carbon dioxide.

The following table, showing the percentage of different
permanent gases at ordinary temperatures, after the solid and
liquid products of the explosive reaction have been moved, is
taken from the abstract of the report of the Western Aus-
tralian Commission, given in the English “Blue Book” of
the year 1905. The character of permanent gases after blast-
ing is what interests the user of explosives as they show
what can be expected in the faces and muck after blasting
when the men return to work.

Explosives— co, co N, O, HS NO H, CH,
Nitroglycerin exploded ... 63.2 315 5.3

Nitroglycerin burnt ...... 12.7 359 1.3 : 482 16 0.3
Blasting gelatin ......... 68.5 31.5

Gelignite ........ ....... 60.0 334 6.6

Nitro cotton exploded ....*21.7 493 16.3 12.7

Nitro cotton burnt ...... 419 5.8 247 79 13
Blasting powder ......... 32.15 33.75 19.03 71 524 2.73
*Berthelot.

Gelignite (Guttmann) Gelignite (Weiskopf)
Nitroglycerin ........ .... 62.50 _ Nitroglycerin ...... ....... 63.4
Nitro cotton ............ 2.50 Nitro cotton ............... 12.8
Sodium nitrate ........... 26.25 Sodium nitrate ............ 14.2
Woodpulp ....covvevennnn 8.40
Soda ..... e e 0.35 Cellulogse ........ vcco.nnn. 9.6
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In regard to the gases from Gelignite, the 6.6 per cent. of
oxygen represents the oxygen excess in all the high explosives
formulae to take up the paper and paraffine of the cartridge.
Thus if the paper is taken from the cartridges before loading,
part of their strength is lost. Also this oxygen will, under
those circumstances, be liberated as nitric oxide (NO) which
is poisonous and adds to the bad gases liberated on detonation.
It is well to note that the generation of poisonous gases by
burning high explosives applies to all varieties and is not, as |
supposed by many, confined to those only which contain nitro-
glycerin. )

It often happens that when a slow decomposition takes
place certain gaseous products are evolved more copiously than
others, with the result that the final detonation of the remain-
der of the explosive adds to, rather than diminishes the noxious
vapors given off. Under these circumstances, the number of
possible decompositions of any explosive substance is manifold,
the reactions depending on the temperature, pressure and the
quickness of heating.

Among the numerous modes of decomposition of a given
explosive substance, those which develop the greatest heat are
those which give the most violent explosive effects, all things
else being equal. On the other hand, these reactions are not
the ones that become manifest when the lowest temperature
of decomposition is reached. If, therefore, an explosive body
receives in a given time a quantity of heat which is insuffi-
cient to carry its temperature up to a degree which corresponds
to its most violent reaction, it will undergo a decomposition
which will disengage less heat, or even absorb it, and by this
decomposition become completely destroyed without develop-
ing its most energetic effects. In short, the multiplicity of pos-
sible reaction involves a complete series of intermediate phe-
nomena.

According to the mode of heating, it may happen that sev-
eral methods of decomposition will succeed one another prog-
ressively. This succession of decompositions gives rise to even
more complicated effects, as instead of causing a complete
elimination of the decomposed part, it may result in the division
of the primitive substance into two parts; one of which is
gaseous becoming eliminated, and the other solid or liquid,
which remains exposed to the conservative action of the heat.
The composition of this residue being different from the ori-

e ey
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ginal explosive substance, the effects of its consecutive des-
truction may become completely changed from those of the
original explosive. This is shown by the solid resxdue left by
burned dynamite.

Such are the causes, some mechamcal and some chemical,
owing to which nitroglycerin or other high explosives give
such diverse effects, according to whether they are inflamed,
heated, or exploded by means of a detonator charged with ful-
minate of mercury.

In regard to the relative efficiency of exploswes when
" burned and when detonated, Roux and Serrau give the fol-

lowing results calling the effects obtained by means of gun-
powder unity : :

Detonation. Inflammation.

Nitroglycerin ..... [ 10.0 4.8
Compressed guncotton ............. 6.5 3.0
Picric acid ............ e 5.5 2.0
Potassium picrate ................. 5.3 1.8

In practice, the fact that an explosive has not been prop-
erly detonated is made manifest principally by the production
of considerable quantities of disagreeable and poisonous fumes,
the presence of unexploded powder, the small amount of work
done by the powder, and often with high explosives a section
of the borehole in whic¢h the powder has burned is unaffected.
As already mentioried, the bad fumes in incompletely detonated
powder are due to the fact that its decomposition was ef-
fected at a temperature below that which corresponds to the
most violent chemical action. The result is that instead of
producing nitrogen and carbon dioxide in the gases from
the explosion, both the poisonous nitric oxide and carbon
monoxide are formed.

The weaker effect from 1mperfectly detonated powder is
due largely to two causes; the lesser heat of formation.of
carbonic oxide gas and the heat absorbed in the formation of
nitric oxide. According to Boyles Law, the pressure of a.gas
increases proportionately to the temperature. Thus when
carbon monoxide and nitric oxide are present in the gases
- from an explosion, we should have and do get poorer results
than when carbon dioxide and nitrogen are liberated.

Further investigation during late years has shown the
presence of volatilized nitroglycerin in the fumes from butn-
ing or incompletely detonated dynamite. Nitroglycerin is very
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volatile and a small quantity may easily be evaporated by the
heat from burning powder. This is made manifest by the
action of these fumes on human beings. It is a very common
fact that men, breathing the fumes from nitroglycerin explo-
sives, in particular when improperly detonated, get violent
headaches, similar to those due to slight nitroglycerin poison-
ing. This great similarity and the fact that the same treat-
ment effects a cure in both cases, is accepted by quite a number
of authorities as satisfactory evidence that nitroglycerin vapor
is present in the fumes from poorly detonated or burning dy-
namite.

The causes of incomplete detonation are very numerous.
It may be due to weak detonators, damaged or wet detonators,
improperly made primers, spaces which probably contain dirt
between the cartridges in the boreholes, contact between the
fuse and the powder, causing the powder to be inflamed from
the fuse, a displaced detonator, insensitive powder, frozen pow-
der, etc.

When an explosive is somewhat insensitive the use of a
stronger deonator will often overcome this difficulty. Some
dry ingredient powders, and some containing ammonium ni-
trate, which are made into cartridges, have a tendency to be-
come hard and insensitive. With these a kneading of the
cartridges with the fingers will loosen up the powder, where-
upon it regains its original sensitiveness. The effect of heat
on the sensitiveness of an explosive has already been discussed.

The admission of a small amount of moisture to the charge
of any detonator very appreciably reduces its strength. Thus
it is fairly common in cases where ordinary or electric blasting
caps are not stored or transported properly, for the detonators
to lose so much of their strength that they are not capable of
exerting the amount of energy necessary to develop the most
violent reactions in the explosive with which it is used. There-
fore, the greatest care should always be taken to keep all de-
tonators in a dry place, away from all moisture.

Some explosives appear to get insensitive under the influ-
ence of great depths of water. As a matter of fact that is
due to the great pressure which lessens the effective shock that
the detonator would exert at ordinary atmospheric pressure.
Therefore, for blasting in great depths of water such as are
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to be found in some deep drill holes, nothing less than a No.
'8 (30.8 grain) detonator should be used.

ExpLOSIONS BY INFLUENCE.*

So far the discussion has covered the development of ex-
plosxve reactions either from the point of view of their dura-
tion in a homogeneous system all parts of which are main-
another mode of propagation in explosives, this propagation
in an equally homogeneous system which is fired directly by
means of a body in ignition or by a violent shock. But the
study of explosive substances has revealed the existence of
another mode of propagation in explosives; this propagation
taking place at a distance and through the medium of the air
or of solid bodies which of themselves do not participate in
the chemical change.
~ We now refer to explosions by influence, which hitherto
have been suspected from certain known facts in connection
with the simultaneous explosion of charges of hlgh explosives
separated at certain distances.

A dynamite cartridge exploded by means of a priming of
fulminate will cause the explosion of cartridges in its vicinity,
not only by contact and by direct shock, but even at a distance.
An indefinite number of cartndges in a straight line or regular
curve can also be exploded in this way.

The distances at which explosions by influence may be ac-
complished depend upon the medium in which the explosion
is confined, the means by which the explosive is supported,
the temperature of the air, and direction of the wind.

When suspended free in the air, the cartridges have an
easy. recoil thus diminishing the violence of the shock and
making each successive cartridge less susceptible to being ex- -
ploded by influence than when resting on a firm foundation.
With a rigid support, the detonation will be propagated fur-
ther than if laid on loose or free soil.

The writer has also found that the distance at which explo-
sions by influence can be accomplished. out of doors is very
greatly affected by the intensity and direction of the wind;
an explosion being obtained at a much greater distance when
propagated in the same direction as the wind than when propa-
gated at right angles to it, or in the opposite direction.

In the matter of varying degrees of confinement, experi-

*The Technical discussion of this section is from Berthelot.
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ments made in Austria have shown that explosions by influ-
ence have been accomplished through open air at 4.0 centimeter
(approximately 134 inches) intervals, and through deal plank
1.8 centimeters (approximately 34 inches) thick. In a lead
tube 0.15 meter (approximately 6 inches) diameter and 1 met-
er (39.37 inches) long, a cartridge placed on one extremity
will cause the explosion of another cartridge placed at the op-
posite end. The transmission of the explosion is more easily
effected in tubes of cast iron. Joints lessen the susceptibility
of transmission.

The explosion thus propagated may grow weaker from one
cartridge to another, and even change its character. It has
been found that when a line of cartridges, with air spaces be-
tween them, is exploded by means of a blasting cap placed in
a cartridge at one end of the line, the craters formed by the
explosion grow smaller according to the distance from the
primer.

According to these facts propagation by influence depends
both on the pressure acquired by the gases and on the nature
of the support. It is not necessary that this support should
be firm. It has been ascertained that these effects are not
generally due to simple projections of fragments of the casing
or neighboring substances, although such projections often
play a certain part in the phenomena.

In this respect the real character of the effects produced
is shown more particularly from tests made under water. In
fact, when experimenting in water below a depth of 1.30 met-
ers (4.28 feet) a charge of dynamite weighing § kilograms
(11.0 pounds) will cause the explosion of a charge of 4 kilo-
- grams (8.8 pounds) at a distance of 3 meters (9.84 feet).
The water, therefore, transmits the explosive shock, to a cer-
tain distance, in the same way as a solid body. Sudden pres-
sures transmitted by water have been measured for distances
up to 5.50 meters (18.04 feet) by means of a lead crusher.
These pressures decrease with the distance as might be ‘ex-
pected. Experience has prove(l that the relative position of
the charge and the crusher is immaterial, this being in accord-
ance with the principle of equal transmission of hydraulic
pressures in all directions.

It follows from these facts and particularly from experi-
ence made under water, that explosions by influence are not
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due to inflammation properly so-called, but to the transmission
of a shock resulting from enormous and sudden pressure pro-
duced: by the explosion of nitroglycerin, guncotton or other
high explosives, the energy for which shock is transformed
with heat in the explosive substance which is placed at some
distance from the first explosive.

In an extremely rapid explosive reaction, the pressure may
approach the, limit which corresponds to that of the matter
exploding in its own volume; and the disturbance, due to the
sudden development of pressures, nearly equal to the theor-
etical, may propagate itself either by the mediation of the
ground and of the supports, or through the air itself, as has
been shown by experiments made with dynamite, compressed
guncotton, etc.

The intensity of the shock propagated either by a column
of air or by a solid or liquid mass varies according to the
nature of the explosive body and its mode of inflammation;
it is more violent the shorter the duration of the chemical
action and the more gas there is developed, or in other words,
the quickness and strength.

This transmission of shock is more easily effected by sol-
ids than by liquids, and more easily by liquids than by gases;
in the case of gases it takes place more easily if they are com-
pressed. It is propagated more easily through solids when
these are hard; iron transmits shocks better than earth and
hard earth better than soft soil. Any kind of a junction has
a tendency to weaken, especially if a softer substance inter-
venes.

Explosions by influence propagate themselves all the more
easily in a series of cartridges, if the casing of the first de-
tonating cartridge is very strong. This allows the gases to
attain a very high pressure before burstng the casing.

The existence of an air space between the fulminate and
the dynamite will, on the other hand, diminish the violence
of the shock transmitted, and consequently that of the ex-
plosion. As a general rule the shattering effect of dynamite
-is lessened when there is no contact between the cartridges.

In order to form a complete idea of the transmission by
supports of sudden pressures which give rise to shocks, it is
well to bear in mind the general principle whereby pressures
in a homogeneous mediurn transmit themselves equally in all
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directions and are the same over a small surface, whatever
may be the direction that the surface in question faces.

The results of experiments in the transmission of explo-
sives under water have shown that this principle is applicable
to sudden pressures produced by explosive phenomena, but
this ceases to be true when passing from one medium to an-
other.

If the chemically inactive substance which transmits the
explosive movement be fixed in a given position on the ground,
or on a rail on which the first cartridge has been placed, or
again held by the pressure of a mass of deep water, in which
the first detonation has been produced, the propagation of the
movement in the matter could scarcely have taken place ex-
cept under the form of a wave of a purely physical order, a
wave, the character of which is essentially different to the
first wave which was present at the explosion, the latter be-
ing both of a chemical and physical order, and having been
developed in the explosive body itself. While the first or
chemical wave propagates itself with a constant intensity, the
second, or physical wave, transmits the vibration starting from
the explosive centre and all around it, with an intensity which
diminishes in an inverse ratio to the square of the distance.
In the immediate neighborhood of the centre, the displacement
of the molecules may break the cohesion of the mass, and dis-
perse it, or crush it by enlarging the chamber of explosion, if"
the experiment be carried out in a cavity. But at a very short
distance from the point of the explosion the greatness of this
displacement depends on the elasticity of the surrounding med-
ium. These movements, confused at first, regulate themselves,
so as to give rise to the wave, properly so-called, characterized
by sudden compressions and deformations of the substance.
The amplitude of these undulatory oscillations depends on the
greatness of the initial impulse.

These physical waves travel with a very great rapidity,
at the same time constantly decreasing in intensity, and they
maintain their regularity up to points at which the medium
in which they exist is interrupted. Then these sudden com-
pressions and deformations change their nature and transform
themselves into an impelling movement; that is to say, they
reproduce the shock. If they act on a fresh cartridge they
will cause it to explode. This shock will be further attenuated
by distance owing to the decrease in intensity of the waves,
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Consequently the effects of the shock may be modified to such
an extent that the character of the second explosion may
be changed even to simple inflammation. These effects will
be thus diminished until a certain distance is reached from the
point of origin beyond which distance no results will be ob-
tained. '

When the explosion has taken place in a second cartridge,
the same series of effects is reproduced from the second to
the third cartridge, but these will depend directly on the char-
acter of the explosion in the second cartridge and so on.

Such is the theory which, according to Berthelot, accounts
for explosions by influence, and for the phenomena which ac-
company them. . It rests on the production of two orders of
‘waves, the one being the explosive wave, properly so-called, de-
veloped ‘in the substance which explodes, and consisting of a
transformation increasingly reproduced from chemical actions
into calorific and mechanical actions, which transmit the shock
to the supports and to contiguous bodies; and the other purely
physical and mechanical which also transmits sudden pressures
around the centre of vibration to neighboring bodies, and by
a peculiar circumstance to a fresh mass of explosive matter.

The explosive wave once produced, propagates itself with-
out diminishing in force, because the chemical reactions which
develop it regenerate its energy proportionately along the
whole course, whereas the mechanical wave is constantly los-
ing its intensity in proportion to its energy, which is deter-
mined only by the original impulse, and is distributed into a
more considerable mass of matter.

The practical applications of explosions by influence are
rather limited. The best known case is the propagation meth-
od for blasting ditches. This consists of blasting a row of
holes by means of a heavy primer at the center. This can
only be accomplished when there is sufficient ground water to
cover the charge in each hole. The only explosives that can
be used successfully are the regular 50% and 60% nitrogly-
cerin dynamites, which are the most sensitive explosives on
the market. The maximum spacing on record under the most
favorable conditions is 30 inches. The material in this case
was liquid muck. The recommended distance is not to exceed
18 inches. The water transmits the shock from one charge
to the next and if no ground water is present this method of
blasting will be a failure,



178 LAKE SUPERIOR MINING INSTITUTE

Once in a while in underground work a miner will be
found who makes use of explosions by influence in distributing
a charge in a bore hole. In this work the depth of a hole
rarely exceeds 7 feet. Part of the-charge is placed in the
bottom of the hole, then a stick of wood about a foot long is
inserted and the rémainder of the charge placed on top of
this. Sometimes the charge may be broken in two or three
places but never more than this. In order to be sure of the
results, the stick must be absolutely free from any binding in
the bore holes and each end must be in contact with the dy-
namite. Hardwood will transmit the explosion better than
soft. An iron or steel rod will be still better. Care should
be taken that the stick does not slip past the dynamite at
either end.

We have already seen that the shock causing an explosion
by influence is greatly modified when passing from one med-
ium to another. In a bore hole if the cartridges of dynamite
are not in close contact, provided there is no foreign matter
present, the explosion will be complete throughout the charge.
However, it takes a very small amount of dirt between the car-
tridges to affect the physical wave or shock to such an extent
as to change true detonation to incomplete detonation or even
simple inflammation or combustion. In turn simple inflamma-
tion produced in this manner in the confinement of a bore
hole may produce enough heat to cause a recurrence of- true
detonation, giving two distinct reports to one blast. An oc-
currence of this kind is very rare and is usually accompanied
by the production of very bad fumes.

Another method of applying explosions by influence is in
blasting holes for telegraph poles, etc., in hard pan. In this
case small charges of dynamite are tied at intervals to a
stick, a blasting cap being placed in the top cartridge. The
length of this stick is the same as the depth of the hole. The
primer should be at least one foot below the collar of the
hole. The object of distributing the charge in this manner
is to excavate a proper sized hole without disturbing the
ground which will have to support the pole after it is put in
place. Another method of accomplishing this is to fasten the
dynamite at proper intervals in a heavy paper or pasteboard
tube,
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VELOCITY OF DETONATION.

The velocity of detonation or quickness of an explosive
is often as important a point to consider as its strength in
the selection of dynamite for any work in particular. The
greater the rate at which an explosive is decomposed on de-
tonation, the greater will be the crushing and shattering ef-
fects. According to Berthelot, there is a direct relation be-
tween the sensitiveness of a high explosive and its quickness
or rate of detonation. A powder that is sensitive is easy to
detonate and the explosive wave, being propagated with ease,
gives the sensitive powder a higher velocity than is the case
with an explosive not so sensitive to detonation.

In explosives containing nitroglycerin, the quickness de-
pends on the actual amount of nitroglycerin contained, the
other ingredients with which it is mixed, and the impulse with
which it is detonated. The straight dynamites increase in
quickness directly with the percentage of nitroglycerin.

The ammonia dynamites, as made for commercial use, in-
crease in quickness in proportion to their strength, but their
quickness does not necessarily increase with their strength be-
cause an increase of ammonium nitrate, the nitroglycerin re-
maining the same, will increase the strength of the explosive
but at the same time reduce its quickness. The principle of
the effect of the relative amounts of nitroglycerin and nitrate
of ammonia is of great value in the manufacture of special
explosives for certain classes of work sufficiently large to war-
rant a departure from the regular formulae.

The gelatins from 35% to 80% strength being quite in-
sensitive are all comparatively slow in their action under an
ordinary fulminate detonator, but under the -influence of a
primer of straight dynamite of 40 or greater percentage
strength of blasting gelatin their action becomes quicker than
the corresponding grades of straight dynamite.

Blasting gelatin is the quickest as well as the strongeqt
explosive on the market at the present day. In tight blasting,
good results are often obtained by placing one or two car-
tridges of a very strong explosive at the bottom of each hole.
When this is done care should always be taken to use a dy-
namite that is as quick or quicker in its action at the bottom
of the hole as the one loaded above it. If 3 slow explosive
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is used at the bottom, the quicker one above will open up the
rock so that part or all of the effect of the slow explosive he-
low is lost.

EFFICIENCY OF EXPLOSIVES.

(Condensed from C. E. Bichel—“Testing Explosives”).

The exertion of chemical activity in a bore hole. on explo-
sion of a blasting charge is obviously beyond the scope of
immediate observation, as the conversion of explosives into
gases is too rapid for scrutiny. In order to get an insight
into the probable happenings attending an explosion, one is
therefore compelled to picture the sequence of events with a
view towards applying such means of observation as may be
applicable to certain points or stages.

In blasting operations, a properly prepared borehole is
charged with cartridges of a suitable diameter, which are in-
serted one by one and gently pressed home so as to insure
perfect contact with the walls of the borehole. The last car-
tridge is primed with a squib or fuse if it be black powder;
or, if it be a high explosive, a blasting cap and fuse, or an
electric blasting cap, will be used; the primer is pushed in
until it touches the top cartridge; and the remainder of the
hole is firmly stemmed with good tamping material. To ob-
tain the maximum effect no empty space should be left in the
borehole and the stemming should be as firm as possible to
insure the maximum resistance against the pressure of the
gases of explosion.

On firing the shot, the flame of the powder fuse—or in
the case of electric blasting caps, the current—ignites and ex-
plodes the fulminating composition in the detonator. The in-
tensely hot products of decomposition of the fulminate strike
into the first cartridge, causing it to detonate and, in its turn
transmit the explosion to the next cartridge and so on from
cartridge to cartridge. The whole of the charge is thus con-
verted into new combinations either gaseous, solid or liquid
as the case may be, which immediately strive to occupy an
increased space due to their gaseous transformation and to the
further potential expansion derived from the heat produced
by the explosion. If the shot does its work, the resulting gases
shatter the material surrounding the borehole, and escape
through the broken mass. The mechanical work thus expend-
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ed and the subsequent contact with the surrounding air cause
the gases to cool'and ultimately-diffuse.

The question is “By what means can ‘these phenomena be
gauged?”’ Apparatus is designed for the purpose of meas-
uring with sufficient exactness the lapse of time between the
détonation of the first and last cartridge. It is this measure
of the “rate of detonation” which enables us to' gauge the
dynamic energy of the products of explosion. - It is the velocity
at which the superheated gases, during and after formation,
acquire a displacement of frequently over a thousand times
the volume otiginally occupied by the explosive,~and at which
they are projected against the resisting walls of the shot-hole
with disintegrating, scorching, melting and even vaporizing
effects. -Both the gases and vapors must necessarily fully par-
ticipate- in- this kinetic energy generated by the detonation,
while the more inert and solid products of decomposition,
though doubtless acting as' projectile bodies, are not impelled
with- the same force owing to their lack of expansion. Never-
theless, in computing the total converted energy of a given
explosive, the ‘whole of its constituents must ‘be considered, as
it is only readonable to assume that suth products as may be
solid at ordinary temperatures will, in the majority of cases,
'be molten or even vaporized at the actual moment of explosion.

.The energy 1mpa.rted to the products of decomposmon by
the detonation may ‘be expressed thus:

Mv2
M representing the mass of the decomposmon products and v
the rate of detonation. '
_ The calculated value of this. kmetlc energy represents the
Ypercussive force” of .the explosion.*

But a further factor must be taken into account, viz., the
pressure developed by thé expansion of the superheated gases.
Explosmn temperatures are, as a rule, calculated on the basis
of the total heat .developed by given quantities of the different
explosives, their specific heats and the products of combustion

*This depends upon the assumption that the ‘observed rate of de—
+ tonation is -identical with the velocity of molecular projection.

.This assumption is now agreed upon by almost all authorities on
"% explosives,
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determined by analysis.. Adopting the temperatures so cal-
culated and assuming that Gay-Lussac’s law for the expansion
of gases
V=Vo (14 t )
213

holds good at such temperatures, the pressure exerted by the
heated gases and vapors can be deduced. While the percus-
sive force is a dynamic action, expressible in kilogram-meter-
seconds, the pressure, due solely to the thermo-expansion of
the highly compressed gases and vapors, must be considered
as static energy, and is therefore expressed in kilograms per
square centimeter or pounds per square inch.

If, for instance, gunpowder be compared with brisant
(detonating) explosives, experience shows the former to be
greatly lacking in percussive force. So much so, in fact, that
if a powder charge be fired from a bore in hard tough rock
it is blown out as from a gun barrel without shattering or even
perceptibly affecting the borehole. It is this very deficiency
in percussive force which renders gunpowder a suitable propel-
lant for use in guns; high explosives with vnolent percusswe
force would burst them.

That the brisancy (smashing effect) of hxgh explosives
varies in degree, according to the relative rate of detonation
is confirmed by experience of the miner, who finds that the
harder and tougher the rock the quicker and stronger must be
the explosives. A suitable agent to employ under such con-
ditions is blasting gelatin; this can be used in cartridges of
small diameter (diminishing boring costs) due to the fact that
it requires a smaller space in which to develop a high rate of
detonation than do explosives detonating at a slower rate.
Again, explosives of the latter class (more particularly those
of the ammonium nitrate type, the pressure of which never
reaches that developed by high percentage nitroglycerin com-
pounds) are found advantageous mainly where the rock sur-
rounding the borehole is easily shattered by the heat of the

explosion, quickly crushed by the percussive force and readily -

disintegrated by the gas pressure. Here a more violent ex-
plosive would obviously be of little use, for while the percus-
sive force would instantly create an increased space, neutral-
izing the advantage of small charging density, the final gas
pressure would also be lowered by the quicker condensation
of the products of decomposition on contact with the larger
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surface area produced. Miners speak of such a shot as “hav-
ing killed itself” (American term “pot holing”) perhaps an
appropriate description of what actually takes place.

If the object of blasting were merely to crush or shatter,
then, no doubt, violent explosives would serve best, but as
practical mining rather involves the shifting and getting of
masses, it stands to reason that this will be often accomplished
more easily and economically by using a less violent agent,
i. e. one with a lifting or heaving action. In soft ground
again, it is pressure which must mainly accomplish the work
and as highly percussive explosives would interfere with this
action, they are unsuitable. In short, quickness is as im-
portant as strength in selecting a proper explosive for blasting.

THE USeE oF BLASTING POWDER TO DETONATE DYNAMITE.

Berthelot states that black powder will explode nitrogly-
cerin but will not detonate dynamite, Under ideal conditions
straight nitroglycerin dynamite can be detonated by black
powder provided the confinement be sufficient. = However,
this is strictly an explosion caused by heat and a certain amount
of dynamite must necessarily be burned before enough heat is
generated to explode the remainder, -

There are a number of places in the East where blasting
powder and dynamite are used in the same borehole. The best
method is to place the dynamite in the bottom of the blasting
powder cartridge with an open blasting cap placed in the end
of the last stick of dynamite. The cartridge is then filled
with black powder. Some load the dynamite in the borehole
with an open cap in the last stick and then place the blasting
powder cartridge on top, but care must be taken that no dy-
namite gets into the open cap, otherwise the nitroglycerin may
“kill” the fulminate. The hole is tamped well and the charge
fired by igniting the blasting powder by any of the ordinary

. methods. )

The idea of this practice is that practically all the black
powder is burned before the fire reaches the blasting cap and
explodes the dynamite. Thus, after the black powder has
burned and exerted its full explosive force, the dynamite ex-
plodes giving an extra “kick” and cuts out everything cleanly
to the bottom of the hole. - This is particularly efficacious
where there is a heavy burden on the point of the hole.
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This method is used principally in the brick-clay mines .of
Western Pennsylvania and Eastern Ohio.. It is not considered
as safe as.it might be and is not as a rule recommended by
the different manufacturers of explosives. o

DYNAMITE AS A PRIMER FOR BLACK POWDER

Dynamxte is used almost exclusively, at the present tlmc,
for exploding-large charges of black powder. The advantages
of this practice are, first, it is easier to place theigniter in
the center of a charge and there is less danger of. its being
displaced when a cartridge of dynamite is used; second, the
heat, flame and pressure from the explosion of a cartridge
of dynamite causes a much more rapid rate of burning and
therefore a quicker and more violent action from the black
powder. This practice also assures good results when.a line
of holes loaded with black powder is fired simultaneously by
electricity. In very large charges two or more primers can
be electrically connected and used to very good advantage.

ELEcTRIC BLASTING. e,

Blasting by electricity, where it can be used, has many
advantages over cap and fuse as regards safety,” saving in
time, and work accomplished. All the holes in a round may
either be exploded simultaneously by Instantaneous Electric
Blasting Caps, or charges may all be set and primed ‘at one
time but made to fire in rotation either separately or in groups
by the ‘use of Delay Electric Blasting Caps, also called Delay*
Action Exploders.

‘By the instantaneous eléctric method, all holes are' éxplod-
ed simultaneously and there is no possibility of a secotid &x-
plosion. Any misfire whatever the cause may be, will not hang
fire as sometimes happens when the blasting' is done with fuse
and caps. A line of holes or set of holes fired simultaneously
does much greater ‘execution than would be the case lf théSe
holes were fired singly.

Where it is necessary to have certain- holes explode in
proper rotation, as in-shaft sinking, -also drifting in' heavy
ground and similar -work, this can be accomplished by ‘delay
electric blasting caps, or delay-dction exploders, such as are on
the market today. -These devices consist of fuses of varying
length, having a blasting cap at one end and an electric igniter
at the other end, made up in one unit properly protected
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against water, and convenient to handle. The shots at each-
period of delay do not explode exactly together, but they are
timed so that one period will not overlap into the next period,
and it is therefore feasible to maintain the proper rotation.
The principal features of these delay-action exploders are
safety, time saving and effectiveness in places difficult of ac-
cess and egress, such as in shafts, winzes, raises, etc. The
abence of smoke is another advantage in the use of delay-
action exploders in poorly ventilated places.

There are three general methods of making connections
for electric blasting. They are “series,” “parallel,” and “pa-
rallel-series.”

Series connection is made by taking one of the wires from
the first hole and connecting it with one of the wires from
the second hole, then taking the other wire from the second
hole to one of the wires from the third hole, and so on until
the last hole is reached; the remaining wire from the last
hole is connected to one of the leading wires from the blasting
machine and the free wire from the first hole is connected
to the other leading wire. Series connection is necessary when
firing with the usual push down type of blasting machine, and
often with electric lighting or power current.

The current required for firing in series connections is I
ampere and voltage enough to overcome the resistance of the
sum ‘of all the electric caps in the series. Resistance varies
with the length of wires, about one volt being required for
each electric cap up to 12 ft. wires; too high voltage often
causes misfires from short circuits across the cap wires without
heating the bridge, especially when more than one blasting cap
is used in the same bore hole. .

Parallel connection is made by connecting one wire from
each cap to one leading wire and connecting the second wire
from each cap to the other leading wire. This method can be
used only where enough current is available to supply one
ampere for each cap connected in the parallel circuit. Thus,
if there are 20 caps all in parallel the firing current must have
»0 amperes and the voltage may be anywhere from one volt
to one thousand volts. Parallel connection must be used
wherever the firing current is to be taken from a heavy power
or lighting circuit. If it be a lighting circuit, it will be well
to connect into the firing line a fusible fuse block having am-
perage of capacity a little less than that in the fuse to the
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" lights, so that if the blast short-circuits any of the wires, the
fuse in the firing line will blow and thus prevent blowing out
the lights.

Parallel-Series connections are made by dividing the total
quantity of caps to be fired into groups, each group having the
same quantity of caps. The caps in each group are connected
in series; and the groups are connected in parallel to the firing
line by attaching one of the two free wires from each group
to each of the leading wires. The success of this method de-
pends upon an even distribution of the current, which can only
be accomplished when the resistance of each series is the same
as of the others; about the same length of wire should be used
on every blasting cap and the number of caps in each series
should be the same. This system is used when necessary to
fire a larger number of charges than there are amperes in the
current; the amperage available being first ascertained, will
determine the maximum number of groups because each group
will require one ampere. Then divide the total quantity of
caps by the number of groups to ascertain the voltage required
to overcome the resistance of all the caps in each group, which
will roughly amount to as many volts as there are caps in one
group. The number of groups does not affect the voltage, and
any voltage in excess of the quantity required does not count.
For example : 50 caps connected in Parallel-Series of 5 groups
in parallel with 10 caps each in series, would require 5 am-
peres and at least 10 volts.

Direct current is best to use whenever possible, but aker-
nating current is equally efficient when of a frequency of 6o
cycles or more, and can be used down to 30 cycles. Alter-
nating current of lower frequency may cause trouble from
misfires of the less sensitive electric blasting caps in the cir-
cuit when connected in series.

No electric blasting cap fires in less than 0.014 seconds.
With a 6o-cycle alternating current 2 alternations occur in
0.0167 seconds. Below 25 cycles (complete alternation in 0.02
seconds) trouble may be encountered, due to the building up
effect.

In making any kind of electrical connection, the ends of
the wires should be scraped bright and clean, and be twisted
tightly together. Bare wires or connections must be kept from
touching the ground at any place whether wet or dry; and if
water is present all connections and other bare parts of the
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wires should be covered with insulating tape. The leading
wires should be bent in to a hook at the end to prevent the
smaller circuit wires from slipping off should the leading wires
be subjected to strain.

A special type of galvanometer is available for testing the
circuits to detect breaks, bad connections or short circuits after
connections have been made and before firing. The galvan-
ometer for this purpose is to be attached at the safety ends of
the leading wires, that is, the ends which are to be attached to
the firing switch or blasting machine.

Leading wires should never be connected to the blasting
machine until everything is ready and everybody is away from
the face af the blast; then, when the leading wires are in-
serted into the binding posts of the machine, they should be
firmly secured by the thumb nuts.  The blasting machine
should be placed on a level spot (dry board or plank is best)
to prevent it tipping over, and the handle should be operated
with both hands full force.

If firing is to be done by means of a power or lighting
circuit a special switch should be used, of such design that it
can be seen at a glance whether the circuit is open or closed.
Switches of complicated construction, especially those having
springs, should be avoided. The switch should be so con-
structed that it can be locked in the open position. The cut-
outs on the switch should be of ample capacity.

Dry cells are sometimes used to fire blasts, but these are
not recommended for firing more than one electric blasting
cap at a time. All electric blasting caps are tested within very
close limits for their electrical resistance before being placed
on the market, but it is impossible to have the resistance ab-
solutely identical for all. When firing with a blasting machine
or dynamo the current is built up to its full strength before
it is diverted through the blasting circuit, thus overcoming
any slight variations; but when a dry cell is used the current
necessarily starts to build up from nothing. The result is
that often when more than one electric blasting cap is in the
circuit, one cap a little more sensitive than the others will ex-
plode first and cause the remainder to misfire.

The electrical conductivity of ground waters sometimes
makes trouble for electric blasting because very small percent-
ages of certain salts, such as alkaline chlorides, soluble salts of
copper, etc., materially increase the conductivity of water and
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often cause misfires by excessive leakage of current. This was
very noticeable on the Panama Canal where special water-
proof insulated wires had to be used. This is something that
should be borne in mind at all times, as waterproof electric
blasting caps have sometimes to be used on comparatively dry
work in order to insure the éxplosion of all shots when exposed
to the above influences.

DeToNATING FUSE.

Detonating fuse, often called by the French name, “Cor-
deau Detonant” comsists of a lead tube filled with trinitro-
toluene, (commonly called “T. N. T.”) This has an extreme-
ly rapid rate of detondtion and can be used to increase the
shattering effects of practically all grades of high explosives.
Detonating fuse is sold in lengths from 100 to 500 feet and
where necessary its tensile strength is increased by a tight cord
winding, called countering, on the outside.

It must be detonated by means of an electric or ordinary
blasting cap placed so that the end is in close contact with
the T. N. T., which is accomplished by a special brass sleeve.

Detonating fuse can be used for blasting deep well drilled
holes in quarries where column loading is used and a better
shattering action is desired. It can be used for blasting tight
cuts in hard rock tunnels and as a substitute for electric blast-
ing where it is necessary to blast an extremely large number
of holes at one time, and there is insufficient current available.

In loading a bore hole a length of detonating fuse sufficient
to reach from the bottom to a distance outside to allow for
connections, is placed in the borehole. In deep well drilled
holes the countered variety should be used. Then the hole is
loaded and tamped in the regular manner. After the charging
is finished, a line of the plain. variety is laid along the collars
of the bore holes. The ends of the lengths coming from the
individual bore holes are then split for 3 or 4 inches. A special
tool for this purpose is furnished by the manufacturers. After
slitting separate the legs and then placing the main line snug-
ly in the crotch, wind the legs about it, one to the right and
the other to the left. As T. N. T. is extremely insensitive
care must be taken that the joint is tight and that the main
line is in close contact with the material exposed in the crotch
and that the joint is absolutely dry. The branch lines should
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be at right angles to the main trunk for the first-3 or 4 inches.
At the end of the main line the detonator is fixed to fire the
blast. . .
The action of detonatmg fuse is that of a detonator ex-
tending through the entire length of the charge and the result
is that no matter what explosive is used its action must be
just as quick as that of the detonating fuse passing through it.
The economy effected consists in breaking the material smaller
thus reducing the cost of subsequent block holeing and mud
capping. Detonating fuse is not adapted for use where charges
are loaded in sprung holes but only where column charging is
used. , :

AUXILIARY DETONATORS “BOOSTERS.”

In order to insure the maximum possible effect from high
explosives an auxiliary detonator called a booster has recently
been placed on:the market. This consists of a brass tube about
¢ inches long containing a length of detonating fuse. An
opening at one end is left long enough to admit a blasting cap.
» . To use them- with ordinary blasting caps, the cap is
crimped on the fuse in the regular manner and then placed in
the open end in consact with the detonating fuse inside and then
the brass tube is crimped on the.fuse above the cap. With
electric blasting .caps the cap is placed in the same manner and
the 'tube crimped about the wires. .The booster is then placed
in the cartridge which becomes the primer.

. Boosters are made in different sizes for use with the vari-
ous ordinary and. electric blasting caps.

So far they have not been used to any large extent. The
writer’s experience has been that practically absolutely com-
plete detonation is shown by the absence of fumes after blast-
ing and a better execution, .particularly in hard tight work.
Boosters .should be very: effective in tunnels, drifts, shafts,
raises and other tight work, particularly where the ventilation
is poor. . They are partxcularly effective with gelatins.

o '  CONCLUSIONS. .

3.

- -In conclusion, it has been shown that the use of strong
detonators is of the utmost importance in order to secure
good -results. This fact is recognized in Europe to be of such
importance, that with. the exception of their dynamite No. 1
(75% nitroglycerin, 25% keiselguhr) the use of any deton-
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ators of a strength less than No. 6 is prohibited by law. Strong
detonators overcome many of the possibilities of misfire, burn-
ing powder, and improperly detonated powder due to displaced
cap, or spaces between cartridges in a borehole, or to insensi-
tive powder, etc. Therefore, by insisting upon stong blasting
caps, the proper detonation of the charge is assured.

All explosive substances become more sensitive as their
temperatures approach that of decomposition. Walke sums
this up by saying, ‘“All nitroglycerin preparations, when grad-
ually heated up to their exploding points, become extremely
sensitive to the least shock or blow.”

As a rule, explosives that are quickest in their action are
the most sensitive. The admixture of foreign matter lowers
the sensitiveness of an explosive compound in proportion to
the amount of this foreign matter that is used.

Explosives containing liquid nitroglycerin are the most
sensitive.  Gelatins are less sensitive than those containing
liquid nitroglycerin and dry ingredient powders are the most
insensitive of all. But, although an admixture of dry ingredi-
ents affects sensitiveness, many of these ingredients increase
the strength and improve the gases of the explosive.

It is possible to manufacture explosives the gases from
which are not poisonous but it is impossible to have an ex-
plosive whose gases will sustain life. The detonation of
almost all explosives on the market today, when complete,
produces hardly any injurious vapors but when they burn or
are incompletely detonated they produce over 80% of mixed
nitric oxide and carbonic oxide, which are poisonous.

In regard to quickness: The consumer should always re-
member that the quickness is about as important as the strength
when determining the proper explosive for blasting certain
material. The sensitiveness of an explosive to detonation has
a direct bearing on its velocity of detonation. When a primer
of 40% or stronger dynamite is used with gelatin, their quick-
ness exceeds the corresponding straight grades by about 10%.
This can be used to good advantage in tight blasting in hard
rock, the density of the gelatins also being considerable aid.
The gelatins are also best adapted for blasting where the wa-
ter conditions are unusually severe.

Black powder alone will not detonate dynamite completely.
It is often used, although not recommended, in connection
with a cap properly placed to insure the complete detonation of
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of the dynamite when the latter is desired in the bottom of
the bore hole. On the other hand, dynamite can be used to
advantage as a primer for large blasts of black powder.

The question of handling explosives can be summed up as
follows: Keep powder and detonators apart until they are
ready to be used; keep the powder, fuse and caps dry; always
thaw nitroglycerin slowly at moderate temperatures preferably
not to exceed 80° Fahrenheit, with the cartridges lying on
their sides; in short, “Be careful—Use every-day common
sense.” ‘
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RECORD SINKING AT THE HOMANSVILLE SHAFT
OF THE CHIEF CONSOLIDATED MINING
COMPANY, TINTIC DISTRICT, UTAH.

BY WALTER FITCH, JR., EUREKA, UTAH.*

The Homansville shaft of the Chief Consolidated Mining
Company in the Tintic District, Utah, was begun on July 8th,
1916, and in the first thirty-one days was sunk a total of 256.3
feet. In the succeeding thirty-one days of August, the shaft
was sunk a total of 261 ft.,, a record which has never been
exceeded in any shaft.

One of the interesting details of the method that was used
in this work is what is termed “the suspended bulkhead and
shooting set.” These are shown in the illustration. This
device permitted the timbering to be done without the stopping
of the work in the bottom of the shaft. The bulkhead was
suspended by two one-ton chain blocks from sets immediately
above the bottom of the shaft and lowered just far enough to
allow timbers to be installed. This suspended platform served
as a stage for the timbermen to work upon and prevented
anything from dropping on the men below, thus adding great-
ly to safety and to speed in sinking.

The outside dimensions of the shaft timbers are 14 ft. by
5 ft. 6 in. The shaft has two hoisting compartments, 4 ft. 2
in. square and a manway 4 ft. 2 in. by 3 ft. 2 in,, all inside
measurements. The timbers used are 8 by 8 in. throughout
and are placed on 5-ft. centers in the porphyry formation
and 6-ft. centers in the limestone. The shaft is lined through-
out with 2 by 12-in. lagging.

The material in which the shaft was sunk was porphyry
and limestone. The porphyry frequently gave trouble by stick-
ing and plugging the hollow drills used ; but on the other hand
it always broke up very fine and was therefore easy to handle.
The limestone was a blocky, close-grained rock of about aver-

*Contractor Mine Development and Tunneling.
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age hardness. Either three or four small sinking drills were
used with 7g-in. hollow hexagon steel. A 5-ft. round of from
20 to 30 holes was drilled and shot every twelve hours.- As
the compressor was not large enough, the air pressure was
always poor, ranging from 6o to 70 pounds. Hoisting was
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ellowing the bucket to tip and discharge its contents on an
done with two 15%-cu. ft. top-swing buckets, used alternate-
ly, which dumped automatically on top into a car. The dump-
ing mechanism consisted of a fixed chain hooked into a ring
in the bottom of the bucket; this held the bottom stationary,
-



194 LAKE SUPERIOR MINING INSTITUTE

incline door and chute. The center compartment of the shaft
was lined on the inside with lagging. The bucket was thus
allowed to swing free in the compartment.

Three shifts of four machinemen each were used in the
operations, drilling or mucking, as the case might be. All
the timbering was done on day shift by two timbermen, with
the occasional help of the foreman in charge. On top, the
force consisted of a topman and engineer on each shift. Every
man on the job received $5.00 per day, except topmen, who
were paid $3.25 per day. The powder used was 1-in. 35- and
co-per cent. Extra Gelatine with number 8 caps.

The firm of Walter Fitch, Jr., incorporated, of Eureka,
Utah, held the contract for the work.
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SIGNALLING SYSTEM AT BENGAL MINE, PALAT-
KA, MICHIGAN.

BY A. H. MACGREGOR, PALATKA, MICH.*

One of the most important details of any mine hoisting
cquipment is an efficient signalling system. This is true both
from an operating and from a safety standpoint. It matters
not how well designed or elaborate a hoisting equipment may
be, the instant the signalling apparatus fails to do its work,
confusion begins, and time is lost and tonnage is lost. From
the standpoint of safety, no comment is needed, for everyone
knows the danger to life and property from misunderstood
or improperly transmitted signals.

Any signalling system, to be efficient, must meet the fol-
lowing requirements: '

(1) It must transmit signals instantly to the place in-
tended. 1

(2) The person giving the signal must know that it is
correctly interpreted.

(3) The signalling apparatus must do its work with the
minimum amount of attention and repair.

With these requirements in mind, the writer designed and
installed a signal system for the Bengal mine, No. 1 shaft.
At this property, the ore is hoisted from the second level ap-
proximately three hundred feet below surface to a crushing.
plant in the headframe eighty feet above the ground. Two
three-ton self-dumping skips are used, these being operated in
balance by a single-drum motor-driven hoist located 250 feet
from the shaft. The ore is dumped from the skips upon griz-
zly bars inclined at 45 degrees. The lumps pass to the crush-
cr and thence to a pocket and the screenings fall directly into
the pocket. Just below this pocket, at a distance of 35 ft. above
ground, is the landing where the grading and distributing is
done. From this point the waste material is trammed to the

*Mechanical and Electrical Enginegr, Vergna Mining Company.
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dump, and the ore runs through to railway cars on the track
below, or goes to the stockpile, according to requirements.

The shaft has three 6 by 6-ft. compartments, two skip-
ways and an emergency ladderway. Of the two underground
stations, the one at the first level, at 200 ft. below surface,
is used only for supplies, the second being the main loading
station. The ore is dumped from saddle-back mine cars into
short chutes, which discharge directly into the skips at a point
8 ft. below the main level floor. There are no storage bins
at this point and each car must be spotted directly over the
proper chute and tripped after the skip is in the right place
to receive the material.

When the mine first started to produce, one shaft was used
for the men as well as for materials, the cage shaft being not
yet completed. For the men a small cage was used in place of
one of the skips. Under these conditions, a more elaborate sig-
nalling system was needed than would have been required if
only ore was to be handled. The problem was solved by treat-
ing this shaft as though it was a man-cage shaft, with addi-
tions to take care of the hoisting of ore.

Since there was a 110-volt 60-cycle lighting circuit on tap
at all times, it was decided to adopt apparatus to use this
current directly without further transformation, thus saving
batteries and motor generators. The general lay-out of the
whole system is shown clearly in the wiring diagram drawing.
This drawing will show that seven distinct and separate sig-
nalling units are combined in one system. Switches at the
two underground stations and the surface station operate
separate bells on the engineer’s platform for each of the two
hoisting compartments. On the engineer’s platform are two
switches which operate bells simultaneously at all stations, each
switch for its own compartment. On each side at the surface
and underground stations, switches are provided which ring
in unison all of the station bells, the same as when these are
operated by the switches on the engineer’s platform. After a
signal is given to the engineer from any point, he answers
the same exactly as he interprets it, using the switch which
corresponds to the bell rung, before moving the cage. Hav-
ing thus received the return signal, the man underground
knows that his signal has been correctly delivered and under-
stood by the engineer.

In the headframe there are two stations, one at the landing
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and one at the crusher hopper. The switches at these stations
operate a separate bell in the engine house. This bell is used
to signal both skips, as the only time it becomes necessary to
signal from these points is when the chutes or crusher become
blocked, or when there is a change in the grade of the ma-
terial hoisted. Return bells for both skips are placed at these
stations, so that the men working in the headframe can tell
at all times what work is being done below, and what kind
of material is to be hoisted.

The following illustrates the working of this system. A
pipeman at second level comes to the shaft to go to surface
for fittings and finds that the cage is not in sight. He gives the
signal “Send cage to second level” on the call switch, this
ringing all the station bells on the cage side throughout the
shaft and headframe. A miner and his helper have just come
from surface to first level with their machine and tools, and are
in the act of unloading these from the cage. The station
bell rings the signal, “Send cage to second level.” The miner
immediately gives the signal, “Cage in use” with his station
call switch. The pipeman then knows that he cannot get the
cage at once and must wait. In the course of a minute or
two, the miner has his tools unloaded, and knowing that the
cage is wanted at the second level, signals the engineer on
his hoist signal switch, “Move the cage to second level.” The
engineer repeats this signal with his return switch, and again
ull of the station bells ring. The pipeman knows that the cage
is coming and prepares to continue his trip to surface. When
the cage arrives he attempts to give the signal “Hoist to
surface,” but he makes a mistake in counting and gives the
signal, “Hoist very slowly until stop signal is given.” The
engineer repeats “hoist very slowly until stop signal is given.”
The pipeman hears the signal correctly and immediately gives
signal “Stop,” and the engineer answers “Stop.” The pipe-
man then rings again, “Hoist to surface,” this time using
more care. The engineer answers, “Hoist to surface” and the
pipeman boards the cage and makes his trip, leaving the cage
at the collar of shaft while he goes to the stock room for
fittings. In the meantime a car of rock has arrived at the sec-
ond level, and the dumpman, seeing neither cage or skip, sig-
nals with his call switch, “Send skip to second level loading
chute” and receives no answer; he repeats twice, and still no
answer, The dumpman is assured that no one is using either
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skip or cage, but to be doubly sure, he calls on cage side, “Send
cage to dump,” with the same result. He then signals en-
gineer, “Move skip to second level loadxng pocket,” gets his
answer and the Sklp comes down. It is then loaded and the
signal “Hoist rock” is given and answered.

As only ore has been loaded this day, a chute must be emp-
tied and the waste car put in place before the rock can be
taken care of in the headframe, and a stop of a few minutes
must be made before pulling into dump. As the engineer
answers the signal, “Hoist rock” the bells in the headframe
station tell the lander and crusher-tender that preparations for
taking care of rock must be made, and accordingly one of
them signals “Stop” shortly after the skip begins to move.
The engineer hears and ‘answers the signal but he does not
stop immediately, as he knows that the signal came from the
headframe, because it was the landing bell that rang, and that
a stop is wanted by the lander before the skip enters the dump.
In order to be ready to dump as soon as possible after getting
the signal, he pulls his skip within a few feet of the dump
before stopping. By this time the pipeman has returned with
his fittings and finds the cage gone. He calls several times
but receives no answer and then gives the signal, “Move cage
to surface,” to engineer. The engineer knows that the skip
was stopped from the landing and should not be moved until
a signal is received from that point. Accordingly, he answers,
“Cage in use” to the pipeman and waits for a signal from
the proper point. In due time the skip is dumped and the
cage sent to surface The pipeman then goes down and con-
tinues his work.

One of the most important parts of the whole system is
the switch; especially at the underground stations is this ‘true.
This switch must be absolutely positive in action, rugged and
strong enough to stand the hard usage that it gets, able to
stand up and operate successfully when wet and dirty, and
easy and convenient to operate. The writer has never been
able to get such a switch on the market; so accordingly one
has been designed and built on the job. It seems to answer
all of the above requirements and even more. The attached
drawing shows very clearly the details of the construction of
this switch. In general, it consists of a base of hardwood
board, heavily oiled and thoroughly coated with insulating
paint, upon which is mounted and pivoted at one side an 18-in.
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iron lever, held up by a stiff steel spring of No. 10 wire. Upon
this lever, but well insulated from it, is a strap of hard copper
which wipes upon two fingers mounted rigidly on the base.
These fingers are straps of hard-rolled copper or brass 614 in.
long and set 14 in. lower than the strap on the lever with which
they engage when the handle is pulled down. The spring in the
metal is strong enough to hold the surfaces tightly together,
and curved tips prevent any danger of bunting on the points.
Guide straps and stops are placed in such a way that the lever
cannot have any side play and the travel is limited to a fixed
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distance. The whole structure is made very strong and secure,
the base being reinforced by 174- by 3/16-in. iron straps on top
and bottom, the bottom strap acting as a post to hold the ten-
sion of the spring. The switch is put together with bolts, so that
it is easy to dissemble whenever worn or broken parts are to
be replaced.

One of the best features of this switch is the method of
making contact and the length of time that the fingers wipe
the contact plate at each stroke.  The travel of the handle
measured on an arc of a circle at the center of the hand grip
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is 514 inches. When the hand has traveled one inch the fin-
gers have made contact, and they remain in this position until
the lever returns to the same point on the back stroke. The
period that the bell is in circuit is equal to the time that it
takes the hand to travel g in,, including a reverse in direction.
Observation has shown that the average man when signalling,
will make about sixty complete strokes per minute. The
pause at the top of the throw is probably a little longer than
at the bottom on account of the extra grip that must be taken
to overcome the resistance of the spring, while on the bot-
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tom the tension causes the handle to instantly reverse and aid
in pushing the hand up. At any rate, it is safe to say that the
time of contact is at least a half a second, which is ample to
get a clear, plain signal. It is rather difficult to operate the
handle at a much faster rate than this and consequently all
attempting to signal too rapidly, very common with the disc
and push button type of switches, is largely obviated. The
long wipe of over two inches that the fingers make with the
contact plate under considerable pressure thoroughly scours off
any dirt or corroded metal that may lodge there, thus insuring
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a perfect contact at all times, even though the switch is in
a damp place and only used at infrequent times.

The signal switches and bell are enclosed in a wooden
housing, a drawing of which is shown. These boxes are set
up securely in convenient places adjoining the compartments
they serve. The switches are set in on the sides and mounted
so that about 6 in. of the handle protrudes through the slot
at the side of the door. Four 4-in. carriage bolts are used
to fasten the switch to its housing.

To reduce the chances of making the mistake of using the
hoist signal switch when the call switch is wanted, the call
switches are mounted inverted, so that the handle must be
pulled up instead of down, as is the case with the hoist signal
switches. The bell is placed between the switches at the back
of the box. To keep unauthorized persons from tampering
with the switches and bells, the door is fastened in place with
four wood screws. Thus it cannot be taken off very easily
without a screw driver, a tool which is seldlom found in a
mine, but is quickly accessible to the electrician who makes
inspections and repairs. The housing, when the door is in
place, makes a good serviceable protection to the switches and
bell, keeping out dirt and water, as well as tampering fingers.
The only opening is the narrow slot in which the handle
travels. '

The wiring is the most important part of the whole in-
stallation, and without doubt is the most difficult to maintain
in a satisfactory working order. This was given very careful.
consideration, and various schemes were examined. The wir-
ing in the shaft furnished the real problem. For this there
were three good methods that could be used, namely, ar-
moured cable, rigid iron conduit, and open work. The first
two have the advantage that they protect the conductors from
injury, and in the case of the armoured cable, from moisture;
but both have the disadvantage of being inaccessible for in«
spection and repairs. This is especially true with the ar-
moured cable. There are several makes of this material that
are claimed to be practically indestructible, but the writer has
learned by experience that this is not always true under min«
ing conditions. The last method has the advantage that the
wiring is exposed to careless workmen’s tools and all sorts
of falling material, as well as deterioration due to moisture
and atmospheric conditions. On the other hand, it has the
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great advantage of being quickly and cheaply repaired in case
of accident. The enclosed ladder compartment was in itself
a sort of a conduit and its contents were fairly well protected
from falling material. It was decided that if larger wires and
better insulation were used than the current and voltage re-
quired, the open work method would be the most satisfactory.
The adjacent ladders would make every inch of the line easily
and quickly reached at any time. Accordingly No. 10 Okon-
ite double-braid solid wire with 3/32-in. rubber wall was used,
as this is the best material known for this class of work. The
six wires were suspended by strain insulators just below the
collar of the shaft and dropped through porcelain tubes held
in racks spaced every 10 ft. all the way down. At every sec-
ond rack a band of friction tape was wound tightly around
each wire at the top of the tube until the diameter of the band
was considerably larger than the hole in the tube. This helped
to support the weight of the wire, and if a break occurred,
saved the broken end from slipping down the shaft. No taps
were made in the shaft, but at the stations two short pieces
of 174-in. conduit were run from the switch box into the lad-
der compartment and the six wires looped in and out through
the conduits, the switch box being used as a termmal and
junction box.

Between the shaft and the engine house the signal wiring
was run through a multi-duct clay conduit laid underground
and carrying all power and lighting circuits. The signal cable
through the duct is a seven-conductor lead-covered standard
Okonite 600-volt underground cable, the conductors being of
No. 12 wire. This cable after passing through the duct term-
inates in a steel cabinet in the engine house. In this cabinet
a slate terminal board is mounted, upon which are binding
posts for every wire of the system at the engine house end.
Each post is stamped with letters and figures to show exactly
which wire terminates there. All necessary cross-connections
are made on the back of the slate. The board is designed
so that in case of trouble any circuit can be disconnected and
tested out, or any part of the system can be cut out and the
remainder kept in use.

The switches and bells at the engineer’s station are mount-
ed on a pipe framework set into the concrete of the hoist
foundation. Each unit is served by No. 14 N. E. code wire
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drawn through a 4-in. conduit laid in the concrete floor of
the building and terminating in the panel-board cabinet.

The signal bells are a very important part of the installa-
tion, but since there are a number of makes on the market
that operate very satisfactorily on 6o-cycle 110-volt circuits,
the problem was easily solved. For the outdoor bells, includ-
ing the underground stations, a §-in. weatier-proof vibrator
was chosen. This bell has laminated core magiets with im-
pregnated coils. The make-and-break points are of carbon,
easily adjustable by a setscrew on the outside of the case, and
can be quickly renewed at a trifling cost when worn away.
These bells give sharp, clear-cut, and vigorous signals and re-
quire very little attention. In the engine room the bells used
were of the polarized type, with double gongs. Bells of dif-
ferent sizes are used, to give variation in tones. The three
gongs are 10, 7 and 3 in. in size, the 3-in. gong giving the
landing signal. In addition to the bells, 30-watt red carbon
lamps were connected across the terminals, to flash at each
stroke of the signal switch. This gives a visible as well as an
audible signal, and is very useful, especially when the hoist is
running and there is considerable noise.

A spare bell and a spare switch are kept on hand at all
times, but it is very seldom that it ever becomes necessary to
change a bell, and a set of carbon points last about one year.
The fingers on the switches that get the greatest amount of
work need to be renewed about once every fifteen months.

This system was installed in September of 1913, and has
never caused a moment’s delay in hoisting up to present time.
The apparatus is in excellent condition and from all appear-
ances will stand for many more years.
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STOPING TO BRANCHED RAISES.

BY F. W. SPERR.

Branched raises are used for tapping the underside of
orebodies or blocks of ore, of considerable size, to convey the
broken ore from above to more or less centralized loading
chutes on the haulage level. They have been used for sub-
level stoping and block caving; and might be (and possibly
have been) used for milling and for chute caving. To
illustrate their use for sub-level stoping let us™ as-
sume an irregular lenticular orebody. Fig. 1 represents
the horizontal outlines of such an orebody at 25-ft. intervals.
The wall-rock and capping are strong, and the ore is of meditm
hardness and texture. Therefore large chambers of ore may
be extracted without caving or in any way disturbing the
enclosmg rock. The main considerations in applying a stop-
ing method are: safety to the workmen, the elimination of
timber, and the reduction of shoveling’ and tramming. It
appears that the ore may be extracted from the top down-
ward, leaving the opening self-supporting, thus eliminating the
use of timber. The reduction of shoveling and tramming
may be accomplished by a suitable arrangement of “mills” into
which the ore falls as broken, and from which’ it may flow
directly into tram-cars on the main haulage levels under con-
trol by suitable chutes.

The first haulage-way will be on the foot-wall 100 ft.
below the top of the ore. Four vertical raises will be driven
on the foot-wall side, 45 ft. apart and designed to be near
the hanging wall at the top sub-level, which in this case is
75 ft. above the haulage level. " If no other raises were used,
a great deal of shoveling and tramming would be necessary
in' the stopes; therefore, branched raises are started from the
main vertical raise in such a way as to cut up the block of
ore most advantageously for reducing the shoveling and tram-
ming. For maximum- efficiency -the raises should be 25 ft.
apart on every sub-level, should reach close to the foot-wall,
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and should approach the hanging wall according to its dip;
the steeper the dip the closer the approach.

Beginning at the top sub and working downward, drifts
and cross-cuts are made 5 or 6 ft. wide and 6 or 7 ft.
high on the different sub-levels to connect the raises from
around the sides, and by means of down-holes the tops of
raises are made funnel-shaped and widened, until their rims
become contiguous. This leaves 15 to 17 ft. of ore in place
above the cut. By means of upper holes, about 8 ft. of the
overhanging ore is brought down and left lying for a founda-
tion upon which the drills are rigged for another series of up-
per holes. If, in places, the ore goes up more than 25 ft. above
the sub, as it often does in irregular fingers, it is mined by
successive series of upper holes, or by the ordinary back-
stoping-on-broken-ore method.

The sub-levels are 25 ft. apart vertically. Each sub is
mined in substantially the same way as the top sub, except
that the “mills” will be better distributed on some sub-levels
than on others. There will always be the balancing between
the cost of extra raises and the cost of extra shoveling and
tramming. '

Fig. 2 illustrates any one of the different vertical sec-
tions on the lines AA, BB, and CC, of Fig. 1. The section
on the line DD would show the bottom of the raise in the
foot-wall rock.

- Fig. 3 represents the vertical sections through the raises
B and C, on the lines BF and CF, at right angles to the lines
AA, BB, etc. The branches are driven in four directions
from these main raises, in two sets one above the other, and
at vertical angles of about 55 degrees. The branches from
A and D are driven in three directions, the fourth direction
being against nearly vertical walls. By this arrangement mills
are provided on the 75-ft. sub-level, and distributed in such
a manner that little shoveling and tramming will be necessary.
Fig. 4 shows the positions of the raises on this sub and the
connecting drifts and cross-cuts. The raise D2 to the right
is extended on the pitch of the formation.

Fig. 5 shows the positions of the raises on the 5o-ft. sub,
connected by drifts and cross-cuts. The arrangement of the
mills at this level is nearly ideal, as illustrated by Fig. 6, which
shows the approximate positions of the rims of the mills after
being funneled out. Hog-backs of ore will be left lying on
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the spaces standing between the mills. All this goes down
with the next lower sub. But along the foot-wall, all broken
ore has to be cleaned off to the sub-floor. Otherwise it is
liable to ‘‘hang-up” instead of coming down with the next
lower sub; therefore it is desirable to have the raises along
the foot-wall close enough together and close enough to the
wall to prevent any considerable quantity of ore from finding
lodgment.

The branched raises are available for mills on the higher
subs, but not on the first sub above the main level. Fig. 7
shows all that remains of the raises on the 25-ft. sub-level
Only the main vertical raises are left; but these are well dis-
tributed along the foot-wall, making the amount of shoveling
and tramming the least possible under the circumstances. If
the ore does not extend below the main level, immediately
under this sub, it will probably be more economical to do the
shoveling and tramming, than to provide more mills together
with the necessary chutes. But, if the ore extends downward
so that another main level becomes necessary, some of the
ore from the 25-ft. sub may best go down to this next lower
level through some of the mills, which may be extended up-
ward as required. Ordinarily the ore from each main level
slice is milled to the chutes of the next lower level.

- Various names have been given to this method of mining.
It is variously known as “subbing,” “underground milling,”
“slicing without timber” and “sub-slicing without timber.” The
last term seems the most distinctive. It suggests the method
of operating and does not apply to other methods, while all
of the other terms are used also to designate methods that are
much different in detail; but it would seem better to cut out the
term sub-slicing altogether; and in this case say sub-level
stoping. The term subbing generally means sub-level stoping;
but sometimes it means sub-level caving which has also been
called sub-slicing. .

Fig. 8 to 18 illustrate the case of an orehody beginning
somewhat irregularly under the capping and extending down-
ward with a nearly vertical hanging wall, and with the “back”
pitching down at an angle of 45 degrees. The physical con-
ditions are similar to those in the preceding case, and -the
same method of mining will be applied with little difference
in detail.

Branched raises from six chutes on the first level and
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from the same number on the second level, provide mills 25
ft. apart on every sub-level. The foot-wall sides are properly
provided, and nearly all shoveling and tramming in the stopes
is eliminated.

The ore is of such a character that it gives little trouble
by packing in vertical raises; therefore the branches are made
vertical in places for convenience of arrangement. Accessibil-
ity to the vertical mills for the purpose of relieving the ten-
dency to pack, can be more readily provided where the branches
are inclined throughout their entire length, than in the case
where they are partly vertical. Softer ore has a greater ten-
dency to pack in the mills at a high angle, as well as to hang
up in the mills at lower angles. The best angle for the worst
ores, in this regard, is 65 degrees, above horizontal, but some
ores run freely at an angle of 45 degrees.

The developments from the second level are as yet only
prospective; but it is reasonable to suppose that the ore will
go down another 100 ft. judging from the developments of
the first level. The second level should be developed no
earlier than necessary for continuous production to follow the
exhaustion of the first level; for by long standing the chutes
decay and the openings cave, and the whole foundation may
be weakened to such an extent as to destroy the system of
mining. Fig. 8 is a top view of the outlines of the horizontal
sections of the orebody at the prospective second level and at
vertical intervals of 25 ft. from the first level to the top of the
ore. The full circles show the positions of the chutes on the
first level. The dotted circles show the positions that the
chutes will occupy on the second level, if there is no ma-
terial change in the formation in the next 100 ft. downward.
Fig. 10, 11, 12, and 13, represent vertical sections on the
lines 2, 3, 4, and 5, respectively. The vertical section on the
line 6 is substantially the same as the one on the line 5. These
sections, together with the transverse vertical sections on the
lines E, F, G, and I, as shown in Fig. 15, 16, 17, and 18,
show the complete system of development of the raises for the
first and second levels.

The plan of any one of the sub-levels below the irregular
top, as developed by raises from two successive main levels,
will be typical of all. Such a plan is represented by Fig. g.

The circles are the tops of the mills going to the second level.
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The oblong and irregular figures are the tops of the mills going
to the first level. Plans of different sub-levels will differ from
each other in little except the relative positions of the two
different classes of mills.
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THE ORE MINING METHOD USED AT THE RAI-
MUND DIVISION, BIRMINGHAM DISTRICT,
ALABAMA.

BY GERALD G. DOBBS.¥

OUTLINE:
1. Location of the property.
2. General description of the property.
3. Description of the orebody.
4. Methods of mining.
§A) Method used in mining the orebody above the
ault.
(a) Soft-ore mining (outcrop workings and
scrams).
(b) Hard-ore mining (slope sinking, driving
and robbing).
(B) Method used in mining the orebody below the
fault.
1. LocATION OF THE PROPERTY:

The Raimund Mining Division of the Republic Iron &
Steel Company is located in the Birmingham district of Ala-
bama, about fourteen miles southwest of the City of Birming-
ham, and two miles south of Bessemer. The Birmingham
District is centrally located in the State of Alabama, and in
the new industrial South, and takes its name from the progres-
sive city of 180,000 population about which the industries of
the district are closely grouped. The phenomenal growth and
development of the district is due to the circumstances that no-
where else in the world are the raw materials necessary for
the production of pig iron—iron ore, dolomite, limestone and
coking coal—located in such close proximity.

At present the principal iron mines of the district are
located on Red Mountain, and extend in a row at intervals of
about 2,000 feet, for a distance of fourteen miles from Birm-

*Superintendent Raimund Mining Division, Republic Iron & Steel Co.
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ingham to a point below Bessemer. The Raimund Mining
Division is situated on the extreme southwest end of the active
mining area. Red Mountain, a long ridge with a general trend
N. 30° E,, is in reality the side of an anticline, the apex of
which was originally over Jones Valley, and which has been
eroded to a depth of 300 feet below the crest of Red Moun-
tain. The outcrop of the “Big Seam,” the hematite seam,
which at present is being worked by all the important mines
of the district, extends in a practically unbroken line at or
near the crest of Red Mountain from Birmingham to a point
about four miles below Bessemer.

2. GENERAL DESCRIPTION OF THE PROPERTY:

The Raimund Mining Division has an area of approxi-
mately 1,200 acres, including about 1%5 miles of the “Big

CHANGE HOUSE, RAIMUND

Seam” outcrop and an ore-bearing territory extending to a
depth of about 114 miles from the outcrop.

The ore at present is being mined from three slopes sunk
on the dip of the ore seam. Also some outcrop “soft ore”
is being mined and loaded directly into the railroad cars
through a “ramp.” On the slopes, 10:ton steel skips of 5-ft.
gauge are used. These dump automatically into either ore
or poor-rock pockets. The ore passes to gyratory crushers and
thence directly to the railroad cars, and the poor rock is
trammed to the rock dump. The skip is sent to the right
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pocket by throwing in place the proper section of the dump
rail. This is controlled by a piston operating under com-
pressed air.

The hoist engines used at Raimund are 30 by 60-in. Nord-
berg, first-motion hoists with drums 10 ft. in diameter
grooved to take a 13g-in. rope. They are equipped with
Johnson Hoist Recorders, which supply accurate information
as to the loading and hoisting work done. The air com-
pressors are Nordberg, Allison, and Ingersoll-Rand.  The
boiler plants are equipped with 72-in. by 18-ft. return-tubular
boilers operated in connection with Cochrane and Blake-
Knowles feed-water heaters.

The Raimund camp contains 203 houses for employes, two

PUBLIC AND DOMESTIC SCIENCE SCHOOLS FOR NEGRO EMPLOYEES—RAIMUND

commissaries, a brick change house with 525 steel lockers and
22 showers, a public school and a domestic science school for
colored employes.

3. DESCRIPTION OF THE OREBODY :

The Raimund orebody is a fossiliferous hematite seam
outcropping on the side of Red Mountain and dipping in a
southeasterly direction under Shades Valley. The portions of
the seam nearest to the outcrop show dips varying from 20
to 45 degrees. Within the last few years, however, all of the
Raimund slopes have encountered a fault with a general north-
east trend; however, as this fault progresses northeastward,
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it diverges from the outcrop. Exploration by diamond drill-
ing has disclosed a maximum downward displacement of the
orebody of 450 feet, the fault having a hade of about 80°
in the direction. of the displacement. The portion of the
orebody below the fault and adjacent to it has since been
found to have a maximum dip of 25°, this dip decreasing in
a southeasterly direction until in some places the ore seam
is horizontal and even rolls so that portions of the seam dip
to the northwest.

The upper portion of the “Big Seam,” extending from the
outcrop to a distance of approximately 350 ft. along the dip,
has been leached by percolating water, with the result that

No. 1 MINE—RAIMUND

the lime carbonate has been largely removed. As the removal
of one constituent increases the relative percentages of the
remaining less soluble ingredients, this remaining “soft ore”
is higher than the rest of the ore in iron and silica. A typical

analysis of Raimund soft ore would be as follows:
iron, Sil Alum. Lime. Phos. Man.
47.52 20.98 541 1.39 .39 .26

The lower portion of the seam, on which the major por-
tion of the mine workings are located, is called “hard ore,”
because of its structure, and because it still carries much
lime, not having been leached. A typical analysis of this iron,

which is practically self-fluxing, would be as follows:
Iron. Sil. Alum, Lime. Phos. Man.
34.04 12.46 3.88 18.13 .29 19
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4. METHOD OF MINING:

(A) Method Used in Mining Orebody Above the Fault.
(a) Soft-Ore Mining—The outcrop ore is mined
by removing the overburden and then mining the ore in
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benches. This method is possible only up to a point where
the overburden reaches a thickness of about 12 feet. Some
outcrop ore is being mined at the present time and is being
transferred by wagons to a “ramp,” where it is dumped
through a trap door directly into the railroad cars.

The blocks of soft ore lying between the main hard-ore
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slopes, are being mined from temporary timbered slopes, known
as ‘““scrams,” sunk on the ore seam. The “scram” slopes are
-usually driven with an 8- by 10-ft. cross-section and headings
are turned at intervals of 25 feet. These headings are then
driven 15 ft. wide to the driving line. The remaining 10
ft. pillar is then robbed, the robbing commencing at the driv-
ing line and retreating toward the slope.
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Hard-Ore Mining.

Slope Sinking—As before stated, the zone of soft or leached
ore extends as an irregular band roughly parallel to the out-
crop at a width of about 350 feet. This soft ore zone, as
can readily be understood, is rather heavy ground; so it was
decided to drive well-timbered slopes completely through it
before starting mining proper, and also to confine the mining
operations of these slopes to hard ore only. The timbered
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upper portions of these slopes have since been replaced with
reinforced concrete.

The soft ore lying between the main slopes, which are ap--
proximately 2,000 ft. apart, was to be mined later by scrams.
When this was done, 40-ft. qre pillars were left between the
nearest scram workings and the side of the manway, and 75-
ft. pillars between the nearest scram working and the side of
the slope on the opposite side from the manway.

In opening up the hard ore, manways are driven parallel
to each slope, a 75-ft. pillar being left between each manway
and slope.  Then slopes 14 ft. in width and 8 by 44 ft. in
cross-section, 8 ft. being the width of the ore seam on this

OFFICE AND COMMISSARY—RAIMUND

property, are-sunk in the ore. The footwall is then taken up
for a depth of 6% ft. to allow head room later on for the
dumping of heading tram cars into the 10-ton steel skip. In
this way, a slope is developed approximately 1425 by 14 ft.
in cross-section. Headings 15 ft. wide are turned at 6o-
ft. intervals along the dip. being driven from the slope along
the ore seam. The ore slope is usually driven about 70 ft.
below the lower rib or side of the lowest heading, before the
footwall is taken up, and the footwall is then taken up only .
to a distance of about 25 ft. below the lower rib of the lowest
heading. The slope sinking in detail for one cycle can be un-
derstood from the accompanying sketch. Here the ore is
70 ft. ahead of the heading rib and the end of the footwall
1
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is cut 25 ft. ahead. Stringers are laid along the footwall and
a horn tipple is placed at A. At the same time a hoist engine
is placed in a 10 by 10-ft. engine room cut in the ore at one
side of the slope just below the heading above the pentice.
The sinking skip B is a 1%4-ton skip, and the track is 36-in.
gauge. -
The slope is then driven ahead in the ore. Whenever the
face reaches 70 ft. below the lower rib of the heading above,
two new headings are turned, one on each side of the slope
and 60 ft. below the nearest headings as measured along the
dip. These headings are driven in about 30 ft. from the side
of the slope. In this way, as these two headings are being

SupPpPLY HOUSE AND SHOPS—RAIMUND

driven in from the slope, a section of the slope 10 ft. in length
is serving as a sump. As soon as the headings are driven
in the required distance, slope sinking is resumed, and con-
tinued until three pairs of headings have been turned and an
additional 70 ft. of slope below the lowest heading has been
driven. The track is then pulled up, the footwall blasted, at
the pentice first, and the track laid on this steepened pitch to
a point 612 ft. below the ore. The track is then laid, being
placed parallel to the footwall of the ore seam hut 615 ft. be-
low it. The full 6% ft. depth of footwall is then taken up
as the work progresses to a point, as before stated, 25 ft. be-
low the lower rib of the lowest heading. The pentice tipple
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is then removed, the pentice shot up, and the main slope track
continued on down to the face of the footwall cut, where the
next pentice will be placed. Heading tipples and tram cars are
then placed in the six available headings and mining is begun,
the tram cars being dumped into the big skip in which the
ore is hoisted to surface. At the same time the pentice tipple
is put in position and the slope-sinking cycle is resumed.

Driving—After the tipples have been put in place the
headings are driven 15 ft. wide for a distance of 102 ft. from
the center line of the slope. Manways are then driven up the
dip parallel to the slope until they break through into the
headings above. These manways are started- 20 ft. wide, but

“SOFT ORE" RAMP IN FOREGROUND—NO. 2 TIPPLE IN BACKGROUND—RAIMUND

decrease in width until breaking into the heading above, when
the hole is rarely over 8 to 10 ft. wide. After passing the
manway, the heading is widened to about 30 ft. and driven to
the “driving line,” an arbitrary line dividing the territory to
be mined from the slopes on either side. This driving line,
when two slopes are on the same property, is a line bisecting
the angle of intersection of the center lines of the two ad-
jacent slopes. Whenever the natural ventilation becomes de-
fective or insufficient, “upsets” or raises are driven through
the pillar to the heading above. As the headings are turned
at intervals of 6o ft., measured along the dip, with a heading
width of 30 ft. after subtracting the ore which is mined while
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the upsets are being driven, the ore left in the pillars at com-
mencement of robbing usually amounts to about 40 per cent.
of that originally blocked out for removal by any particular
heading.

Robbing—When a heading reaches the driving line, if the
robbing in the heading above has progressed a sufficient dis-
tance towards the slope, robbing is started. An upset is first
driven along the side of the driving line to the heading above,
and then successive slices are shot from the side of the upset
nearest to the slope. As the robbing face retreats toward
the slope, the hanging wall and overburden are allowed to
cave. Rails, spikes and ties, if in good condition, are pulled

SKIP DUMPING AT No.1 TIPPLE SHOWING ARRANGEMENT FOR DUMPING EITHER ORE OR
Poor ROCK—RAIMUND

up and used in future workings. When a point 40 ft. from
the side of the manway is reached, robbing is discontinued and
the heading is considered worked out until such time as the
property is to be abandoned, when the manway and slope pil-
lars will be robbed and mining operations entirely discontin-
ued.

The drilling is carried on with D-24 Ingersoll-Rand drills
at an air pressure of 75 to 80 pounds per square inch. A
miner, a drill helper and three muckers constitute a heading
crew, such a crew mines and trams 50 tons of ore daily. The
ore is loaded into tram cars of 40 cu. ft. capacity, which hold
about two tons of broken ore, These cars are trammed by
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gravity along the heading track, usually driven up at a grade
of about 2.5 per cent., to the tipple at the slope, where the ore
is hoisted to surface. The empty cars are hauled back to the
working face by mules, one mule and muleboy usually serving
three headings.

The tram cars are made of oak plank held in an iron
framework, the sides being of 2-in. and the bottom of 3-in.
plank. The upper edges of the side planks are covered with
light angle-irons to protect them against undue wear during
loading. Ninety per cent. of the mine labor is negro. The
white men are usually pump men, pipemen, development con-
tractors or foremen. Headings usually require littlc timber;

No. 2 TIPPLE—RAIMUND

but if needed, long-leaf pine props 10 in. in minimum diam-
eter are used in driving work, and 7 in. in diameter in robbing
work. The life of the average framed pine timber cut in this
district is from 4 to 5 years, while the unpeeled heading
props rarely last over 24 to 3 years.

(B) Method Used in Mining the Orebody Below the Fault.

When the main slopes encountered the big fault and the
ore was found to be displaced downwards, it was decided to
steepen the dip of No. 1 and No. 2 slopes and drive them ahead
to intersect the lower orebody as soon as possible. According-
ly two-compartment timbered shafts were sunk, in No. 1 slope
at an angle of 45 degrees and in No. 2 slope at an angle of
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50 degrees. The timbering used in the two-compartment shafts
can be understood by studying the detail drawing of it. The
main features to be noticed in this design are that the tim-
bering was designed to withstand a pressure at right angles
to the dip, and that, except for the divider, all the framing
consists of square cuts and laps.

After the inclined slopes were driven to the ore below the
fault, the footwall was shot up and the change from the flat-
ter dips of the upper seam to the steeply inclined shafts made
by 10-degree vertical curves. As rapid hoisting was desired,

' . e’
— = PUC !
Wt Anre was rop Aoy
— = pS— (XX s
ey .o
— 0 4 i
4 < p - 1
S S b4
33 ]
. P4 8 . .
] NG 3 H
! ! 1 1
| woate ‘ { H
o '
p poa e < . .
-— > - 1]
a0’ 00uge — g
'c-u L tatee 4
D108 LwsxATION . 2f Assaneiee FAONT EikyATIon ‘of Asesmeces
Ziragarms . Tunesaive P
(X3 n— Oy - AV o A =" oy bl
r Onar Gaw f ds Dave | B .o ) bt
— — [
5 T [ LI
0y XY AT AR fuar !
Laamus b Wars Da0v¢ and s H
EQ" v 1800y Phosses Qrvvgen
T— - = < .
- S w3 ) : bl o - 5 N

Sa2wn O Desey

<
— ==
[T i same K1’ gawe  sefeasie

T VT B-143

the skip track was placed permanently and with great accuracy.
Concrete track stringers were placed under both rails over the
curve and for some distance on the tangents at both ends of
the curves. The concrete track stringer, a detail drawing of -
which is shown, was anchored to the footwall, in an 18-in.
trench hitch, by many iron pins placed in holes drilled in the
bottom of the hitch, about which the concrete was placed
when the stringer was poured. This concrete track stringer,
although similar to the “Mohawk track stringer,” has several
features which make it a decided improvement over that de-
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sign. These differences can be summed up as follows: First,
the Raimund design supplies three times the bearing area for
the rail on the wood cushion blocks. Second, the Raimund
hook bolts are placed on alternate sides of the stringer 18 in.
apart, and at the point where they clamp on to the rail they
are in an open space and not, as in the Mohawk type, placed
in the wood cushion itself. This arrangement makes replacing
and gauge adjusting easier.

When the inclined shafts intersected the ore seam, loading
and measuring pockets were installed and development was
pushed with all possible speed. Since that time, however, due
to the encountering of many minor faults and rolls, neither of
the slopes has been opened up so that a maximum tonnage can
be handled.

At present, the following method of mining is being fol-
lowed: Main haulage-ways 8 to 15 ft. in cross-section are
first driven in the ore to provide for double-track handling of
tram cars. [‘rom these haulage-ways, upset slopes 12 ft. wide
are driven up the inclined footwall at intervals of 6oo ft.
along the haulage-way, and when the ore dips below the haul-
age-way, slope haulage-ways are sunk at intervals of 600 ft.
measured along the haulage-way. From these upset slopes
and slope haulage-ways, headings 15 ft. wide are turned at in-
tervals of 6o ft. measured along the dip and driven in at this
width for a distance of 20 ft. when they are widened
to 30 ft. and continued at this width to the driving line. At
first these headings were turned opposite to each other, but in
later workings they were staggered so as to facilitate the plac-
ing of knuck tracks. Since the maximum length of any head-
ing in a slope haulage-way or upset slope is about 300 ft., mule
haulage is unnecessary and the cars can easily be trammed
by the muckers themselves. Manways are driven on both sides
of the upset slopes and slope haulage-ways, and are so placed
as to leave 40 ft. pillars on each side of the slopes. Upsets
or raises 30 ft. wide are driven through the heading pillars at
intervals of about every go ft. to help the ventilation. Elec-
tric hoists with 75 h.p. motors are placed at the upper ends of
the upset slopes or slope haulage-ways to transfer the cars from
the headings to the main haulage-ways, where they run by
gravity to the pocket. The empty cars are returned to the
upset slopes and slope haulage-ways by mules. The under-
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